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INTRODUCTION. 


In oH* riiiu to llic Public the [ui'scnL jiortion ol' Ibn .Asiatic Resoarches 
in a (lislim t and fseparatc rorni, and in thus deviating IVoni the mode of 
piiblkatioii ^\liirli tlu; Sui icty has liillioilo adopted, it appears expedient 
to slate brielly ibe eireumstanees wbieh have led to the present arrange- 
lueiit, and the niotivi'S by ^\ bi< b it lias been rceoininended. 

Towards tlio close ol' I.i27, several nienib('rs of the Asiatic Society, 
\\ lio felt an intciest in seientilie ompiirie.s, and wlie conceived that the 
ordinal y Aleeling.s of tlic Society were, held at intervals too remote, and 
for juirpoMis of too miscellaneons a natun' to be calcnlati'd to promote 
scientific iinestigalion, were induci'd to consider the most elfoctive means 
to be pursm'd foi the special furtherance of that object. On referring to 
the .Minnies of the Society, it appeared that on the 7lli of Septeinher, 

I ttoa, it was resolved, that “ a C'ommittcc should be formed to jiropose 
such jdans, ami earry on such eorrcspomlcnee as miglit seem best suited 
to jiromote the knowledge of jSatural History, Philosophy , Medieiue, Im- 
provements of the Arts and Sciences, and whatever is eomprehended in 
the gi'iicral term Physii's and a Committee was formed accordingly, and 
^Meetings were held, but they had for sometime past been discontinued. 
The formation of tlie (Jommitlce was, therefore, recalled to the notice of 
the Society, and on the 2d of January, it was rcsolvisd at a (Icneral 

Meeting, that the Physical Committee should be considered as in 
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cxi^lcncf-, and for the same purpose? a‘4Vdn«icrly, exclusive ol’ IMediciuc, 
forwhicli adisliiicl Institution had already been estahlisiit.l. Ili ^oIuLion.'. 

V, ere, at the same time passed, empowering the (.'omiuitlee to elect U'. 
own odicer'^, to frame, its own rules, and to publish iis proceedings as a 
distinct portion of the Asiatic Researches. 

I poll the organi/.etion of the < onimittoe, communications were in- 
cited (ioiii various parts of Hindustan, and the Rajiers conseipiently re- 
ceived, are now oro red to the public. Tliey arr piiiiltal in llu-Muae foiiu 
and lyf»c as llu' Asiatic R< seareln-s. ofubicii tli( \ are an iiilegral por- 
tion ; Imt they ari' so far distinct that they meal not lie ne; * arily incor- 
porated with the Literary Transactions of < he ,stociei\ . Ily giviii” them 
a detached and separate existence, it has i)een thoni'lil lieu tlu'y would 
he more likely to attract llie attention of the r('a(lers to whom iJtoy are 
r hielly addressed, or individuals engaged in scientific ]misnils. limn if 
thcyv 'ie associated w ilh matli'is which are more <• -.iieeially addu'ssed 
to literary men, or )o the general readi r. 

The sabjeets towbieli the atimilion of the PInsieal Cla-sof (iie Asia- 
tic Socit ly is principally diri'cted, ari' the Zoology, Mc'teoruluuy, IMiner- 
alogy, aiidCjCology of Hindustan. To acquire an aeenratc know lodge of 
fards by observation and experiment, and to apply tliose facts to a syallie- 
tical explanation of particular jilicnoniena, is tJie object of ail I’liysical 
scieuco. In lliose branches to which liie attention of this class is jiarticu- 
larly directed, facts may be aceurately recorder! even by tbe nnscicntillc 
enquirer ; the couneetioii of tln‘sc fuels and the dediieiiig therefrom general 
conclusions, must be left to those whose Jiabits of .scientihe combination 
ami accuracy have rpialificd tlnmi forcarryingon this last stepia tlie process 
of induction. It was principally wntli the hope of collecting and recording 
with precision, facts, that this Class has been established. Scattered as are 
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our countrymen in tiie East, over so large a portion of the surfaec of the 
earth as yet une\ploi(ul hy seicuco, tlie most common ohservcT can hardly 
lail to notice phenomena that may be important for the purpose of Piivsi- 
eal Kesearcl) ; “ obsorvatinnes fmnt siicctando id ([iiod natuia perse ipsain 
sponle I'xhibet.’' liosf oyt( n. I'ew apparently as are the labourers in this 
vast field, it seems but little understood how competent those few are to 
luahe tlie most valuable additions to our knowledge. The Physical 
Class hopes to encouinge the sjurit of emiuiiy by the assurance that the 
lahours ofthe observer will lie no longer in ^ain. In order to assi.^t 
persons nnjiracli^ed in (Jeology, the Physical (’hiss arc ahont to 
republish l)i;. J’i i'i'on s iiistrnctions for eolheting Geological speeimens 
viidi additional dnectioiis, which they arc anxious to distrilmte as 
e\t('nsi\r'ly as pos>il)lc to all who have an ojiprirtunity of collecting speei- 
meus and forwarding them to the Society.- It is with sincere gratiheation 
that the Meiiilu'rs of this ('lass are enabled to state, that altbougli a year 
and a few months have scarcely elapsed since its rc-establisbment, 
commiuiicalioiis have been received, affording ample materials for a conti- 
nuation of these Transactions, and that they have lost no time in placing a 
second part in the hands of their Printers. 

It may he necessary to add a fi'W words upon the mode adopted in 
the following pages of expressing native names in Homan i haractcrs, < s- 
pecially as they are mostly the names of jilaces, wliicli often assume a 
very different eharacti'r in the text or maps of the present publication, from 
that which they w< ar in the most improved maps of Arrowsmitii or other 
(reographers. Tlu' system here adopted is that which is described by 
Sill Wii.MAM .IoM>, in the first loliimc of tlu; Asiatic Researches, and 
which has been followed wdtli very few exceptions in all the subsc.'quent 
volumes, as well as in tlie Tran>iactions of the Royal Asiatic Society and 
of the Literary Society of liombay. The orthography ofthe common maps 
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follows no rule whatever: the greater part of the names have hcen written 
(lo^Mi according to their fancied sound, and without any regard to their ori- 
ginal characters, or to 1 iieir signification. They arc consequently in general so 
expressed that, to a native ear, they would be unintelligible, and they cease to 
convey wltat, in their correct form, they very commonly imply, some circum- 
stances of interest respecting tlu'ir history or origin, their topographical 
site, or peculiarities of soil, climate, and natural or manufactured produce. It 
would have been as idle as unphilosophieal therefore to have adopted the 
forms of these names vulgarly expressed, especially in opposition to the 
practice followed by the highest fiuthorities. Their enunciation Mill be 
sulliciently correct by attention to a few simple rules.* 


' Thus - t.--Tlio Coiiionant'^ should be pronounced us in F-iit;li.sh. 

‘.2.— The Vowel.s us in Italian, the long Vutve’s being distinguished h) an accent ove'r 
tlictn. 

There is one exception to tlie ll.alian .sound of the Vowels, tliat of the .short a, which takes the 
.sound it 1 as in adorn, amend, and similar verbs ; or as in Ameruv, or that ot'« m Sun, dc. 
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GEOLOGY OF INDIA. 


Bv JAMKS CALDEK, Ew. 


It is singular to observe that, while England is ever ready to engage in 
enterprises to explore the secrets of nature, even in her most inaccessible 
retreats in other quarters of the globe, she should have shewn such 
supineness and indifference respecting the Natural History of her eastern 
dominions. 

In the colonial possessions of other nations, the whole field of nature 
has been explored and described by scientific and enligiiteued travellers; 
whilst, in India, it has been almost entirely neglected, with one splendid 
exception, in which the munificent patronage of the East India Company 
has enabled a distinguished Member of our Society to make magnificent 
discoveries in the vegetable kingdom. May we not hope that the same 
patronage may be extended to other departments of Physical Science, and 
that, as Indian Botany has found its Linnaeus, wc may yet see the trea* 
sures of the Animal and Mineral kingdoms untblded to us by a Hu muoldt 
and a Cuvier. 
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In the field of Geology, indeed, some steady progress has been made, 
which the superintending care of the lamented Voysky promised to ripen 
into a rich harvest : fatally, however, for science, this ardent philosophic 
inquirer was a martyr in the cause to whicli he was devoted. His loss 
can only be duly appreciated by those who are aware of the great local 
knowledge and exjieriencc which he possessed, added to Ids geqpral scien- 
tific acquirements, which so peculiarly qualified him for tlie task he had 
undertaken. The labors of Dr. Vovsrv (which, liad life been spared to 
him, a short period of time would Jiavc matured,) arc not altogether lost. 
Some of his journals arc in the possession of those who know how to 
estimate their value, and who, it is hoped, will be enabled to present the 
matter they contain to the public in as perfect a form as tlic incom- 
plete state of the materials will permit. Availing ours(*lves partly of these 
materials, and of the scanty notices already in print, and the communica- 
tions af the few valuable explorers now zealously engaged in scientific 
rescaixh, a few remarks may here be offered, by way of conveying some 
general view of the little we can yet pretend to know of the geological 
outlines of the vast field in the centre of which we are placed. 

Casting our eye over the map of India, we are struck with the grand 
and extensive mountain ranges which form the principal boiiiularies. On 
tlic north we have the stupendous chain of the Uimakuja, extending 
from the confines of China to Cashmir, and the basin of the Oxus ; that 
vast accumulation of sublime peaks — the pinnacles of our globe — is so 
extensive, that a plane, resting on elevations of 21,000 feet, maybe stretch- 
ed in one direction as far as the Hindu Coh, for upwards of 1000 miles, 
above which rise loftier summits, increasing in height to nearly 0000 feet 
more. Primitive rocks alone have been found to compose all that has 
yet been explored of the elevated portion of that chain; gneiss being, 
according to Captain Herbert, the predominating rock, along with granite^ 

micas his I 
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mica-shist, homblende-shist, ehlorite-slate and crystailine limestone; on these 
repose clayslate, and Jlintyslate, and towards the base we find sandstone 
composing the southern steps of the chain, and forming the N. £. barrier 
of the valley of the Jumna and Canges, by which, and the diluvial plains 
of Upper Uindostan, this great Zone is separated from the mountain 
ranges of the peninsula. The opposite, or. southern boundary of this 
valley, is of the same rock. Advancing to the south, we come to three 
inferior mountain ranges, on which the peninsular table land of India 
may be said to rest, or more properly, to which it owes its peculiar form 
and outline. We may consider these ranges separately, as the western or 
Malabar, the eastern or Coromandel, and the central or Vindhya. 

The principal in elevation, and most remarkable in continuity of 
extent, is the western range, which commences in Candesk, and runs along 
the Malabar coast, within a short distance of the sea, in an unbroken 
chain, to Cape Comorin, excepting where it is interrupted near its 
southern extremity, by the great chasm which opens into the valley of 
Koimbehtr. The direction of this range deviates but little from north and 
south, bending a little eastward towards its southern extremity ; its eleva- 
tion increases as it advances southward, the highest points being probably 
between latitudes 10® and 15® N. where peaks of granite rise to 6000 feet 
and upwards.* The northern extremity of this range is entirely covered 
by part of the extensive overlying trap formation, to be more particularly 
described hereafter ; extending, in this quarter, from the sea-shore of the 

northern 


* In Mr. Babington'o paper, in the 5th voittme of the Geological Society’s Transactions, the 
height of one peak, Bonaggon hill, is stated to be 7000 feet above the sea, and in a recent descrip- 
tion of the Nilffiri region, by Dr. Smith Young, the peak of Dodapet, situated betnreen 11” and 
13” S. Latitude, and 76” and 77° £. Longitude, is said to rise to an elevation of 8700 feet— .it is 
to be regretted that wc have no published report of heights, by actual geometrical or barometrical 
measurements, of the principal summits of the inountaia ranges of the peninsula. 
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northern Cowan, to a considerable distance eastward above and beyond 
the Ghats, as far perhaps as the river Tumhoodra and Nagpore. These 
rocks assume all the various forms of basaltic trap, passing from the 
prismatic and columnar (of which some fine specimens are to be seen 
opposite to Basshi, near Bombay) into the globular, tabular, porphy- 
ritic, and amygdaloidal ; the two latter containing an interesting varie- 
ty of included minerals peculiar to such rocks. The landscape here 
exhibits all the characteristic features of basaltic countries. The hills 
rising abruptly in perpendicular masses of a tabular form, or in mural 
terraces, piled on each other, like great flights of steps leading to some 
giant’s throne, arc frequently separated by immense ravines — the whole 
clothed with luxuriant forests of teak and other trees, producing some of 
the most beautiful and romantic scenery of India. The elevation of this 
part of the range seldom exceeds 3000 feet ; but advancing to the south, 
its height gradually increases, and granitic rocks begin to re-appear, rising 
above the surface between 1 7® and 18® N. Latitude, and from thence, proba- 
bly, continuing to form the summits of the chain, with little interruption, 
all the way to Cape Comorin. In nearly the same parallel of latitude, this 
trap formation is observed to terminate also on the sea-coast, a little to 
the north of Fbrt Victoria, or JBankot, where it is succeeded by the iron- 
clay or laterite,* (a contemporaneous rock associating with trap) which 

from 


* We owe the first notice of this interesting Rock, which may, perhaps, be consul ered as pe- 
culiar to the Geology of this country, to Dr. Francis Buchanan, who gives the following description 
of it in his travels, vol« 3, p. 440. ** What 1 have called indurated clay, is not the mineral so called 

“ by Mr. Kirwan, who has not described this of which I am now writing. It seems to be the Argilla 
“ Lapidea of Wallerius 1. 395, and is one of the most valuable materials for building. It is diffused 
<< in immense masses, without any appearance of stratification, and is placed over the granite that 
forms the basis of Malayala. It is full of cavities and pores, and contains a very large quantity of 
iron, in the form of red and yellow ochres. In the mass, while excluded from the air, it is so soft, 
that any iron instrument readily cuts it, and is dug up in square masses with a pick-axe, and imme*- 
diately cut into the shape wanted, with a trowel, or largo knife. It very soon after becomes as hard 
as brick, and resists the air and water much better than any bricks that 1 have seen in India. 1 
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from thence extends as the overlying rock, with little interraption, to the 
extremity of the peninsula, covering the base of the mountains, and the 
whole of the narrow belt of land that separates them from the sea, 
exhibiting a succession of low rounded hills and undulations, and repos«^ 
ing on the primitive rocks, which occasionally protrude above the surface, 
as at Malivan, Calicut, and some other points, where granite, for a short 
space, becomes the surface rock ; from the main land, the laterite 
passes over into Ceylon, where it re-appears, under the name of KabAk, 
and forms a similar deposit, of some extent, on the shore of that island. 
Passing onwards from the western, or Malabar coast, round the extremity 
of the peninsula, we leave this extensive iron-clay formation, and crossing 
the granitic plains of Travancore, which are strewed with enormous blocks 
of primitive rocks, we arrive at the termination of the chain. Here the 
eastern and western ranges appear united, and, converging to a point with- 
in about twenty miles of Cape Comorin, end abruptly at the Amboli pass 
in a bluft’ peak of granite, probably about 2000 feet high, from the base 
of whisii a low range of similar rocks, forming a natural barrier to the 
kingdom of Travancore, extends southward to the sea. It is to be re- 
marked however, that the junction of the two great lateral ranges, (viz. 
the Malabar and Coromandel,) seems to take place at the Nilgherry hills, 
which rising into the loftiest summits of the peninsula, form the southern 

boundary 


have never observed any animal or vegetable exuvia contained in it» but I have heard that suqh 
<< have been found immersed in its substance. As it is usually ctit into the form of bricks for build- 
ing, in several of the native dialects, it is called tiie brick -stone (iliea Culla). .Where* however* 
** by the washing away of the soil, part of it has been exposed to Uie air, and has hardened into a 
rock, its colour becomes black, and its pores and inequalities give it a kind of resenablance to the 
skin of a person affected with cutaneous disorders ; hence, in the Tamul language, it is called Shun 
** Cull, or itch-stone. The most proper English name would be Laterite, from Lateritis, the appel- 
<< lation that may be given to it in Science.” It is observed also on the shores of Sumatra and the 
Straits of Malacca, reposing on granitic rocks, particularly at Malacca, where that formation extends 
many miles inland, corresponding, in all respects, with that of the Malabar Coast. 
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boundary of the great tableland and the northern barrier of the remark- 
able valley of Koimbatur, from the opposite side of which proceeds the 
continuation of the mountain chains in one central range to' the southern 
extremity, as already described. The whole of this western chain, and 
the narrow coast which lines its base, is remarkable for the absence of 
rivers and vallies of denudation, and, consequently, of alluvial plains or 
deposits of any extent. The precipitous sides of the mountains rising in 
some q)l aces, (to the south of Goa,) almost from the sea, are, nevertheless, 
covered in general by forests of the tallest trees and impenetrable jun- 
gles, which admit of gaining but a vague and scanty knowledge either 
of their geological features, or the mineral treasures with which they may 
abound. 

The Island of Ceylon presents so much the appearance of having 
once formed part of the Continent of India, and there is such a striking 
similarity in the nature of its principal rocks (which are chiefly primitive,) 
to those of the mainland immediately opposite to it, that some aotice of 
its geological structure should not here be omitted, of which Dr. Davy's 
valuable work affords the following interesting and scientifle description. 

“ In Ceylon, nothing is to be observed of that order of succession of 
rocks that occurs in Saxony and England, and many other parts of 
Europe. Uniformity of formation is the most remarkable feature in the 
geological structure of the Island ; the whole of Ceylon, with few excep- 
tions, consists of primitive rock unconnected with any other class of rocks, 
exclusive of those of very recent formation. Another remarkable geolo- 
gical circumstance is, that though the varieties of primitive rock are ex- 
tremely numerous, almost infinite, yet the species are very few and sel- 
dom well defined. 


The 
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“ The most prevailing species is granite or gneiss, the more limited 
are quartz rock, hornblende rook, anddo^nufe rock, and a few others wUch 
may be considered under the head of embedded inin^als. 

“ The varieties of granite and gneiss are innumerable, passing oftep 
from one into another, and assuming appearances for which, in small 
masses, it would be difficult to. find out appropriate names, depending on 
composition and the proportions of the elements — or addition of new 
ingredients ; regular granite is not common, graphic granite still rarer, it 
occurs at Trincomalee — neither is sienite common, it occurs in . the Cau- 
dyan provinces. Well formed gneiss is more abund,ant than granite, it 
frequently consists of white felspar and quartz in a finely crystalyzed 
state, with layers of black mica, containing numerous crystals of light 
coloured garnets. A similar rock is found on the opposite Continent, in 
the mountains at CotaUum, and affords one amongst other evidences of a 
conformity, if not indentity, in geological character. Both the granite and 
gneiss of Ceylon, are much modified by an excess or deficiency of one or 
other of the ingredients. When quartz abounds in a fine granular state, 
the rock looks like sand-stone. When felspar or adularia abound, it ac- 
quires a new external character. This variety is common, and in some 
places it contains so much of these minerals that it may be called odu/ario, 
or felspar rock. When nuca prevails in gneiss, (which is rare) it acquires 
not only the appearance, but very much the structure of mica slate. 

The more limited varieties of primitive rocks, as quartz, hornblende, 
and dolomite rock, seldom occur in the form of mountain masses. The 
rocks pf recent formation are lime-stone and sand-stone. The former is con- 
fined to the northern shore of the Island, where it appears to be still form- 
ing in the coral shallows of the adjoining sea. The other, (sand-stoae) a 
rock of pretty general occurrence idong the shore of the Island, which it 

‘ may 
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may be said to surround by an interrupted chain chiefly between high 
and low water mark.” The further detailed description of these rocks 
given by this scientific observer, and his account of the rich variety of 
beautiful minerals abounding in that Island, will be found highly interest- 
ing and instructive. 

Proceeding on to the eastern side of the peninsular, and northward, 
along the foot of the mountains, we observe a country differing very con- 
siderably from the Malabar coast in appearance and geological charac- 
ter. The plains of the Coromandel coast form rather a broad though 
unequal belt of land between the mountains and the sea, exhibiting the 
alluvial deposits of all the rivers and streams that descend from the 
southern portion of the table land. The mountain chain that forms the 
eastern boundary of the peninsula, begins to diverge eastward where its 
continuity is interrupted by the valley of Koimbatur (already mentioned) 
From thence it breaks into a succession of parallel ranges, inferior in 
elevation and in unbroken continuity to the western chain ; and in the 
further progress northward, after branching off into subordinate hilly 
ranges, occupying a wide tract of unexplored country, and affording vallies 
for the passage of , the great rivers, that drain nearly all the waters of the 
peninsula into the Bay of Bengal, this eastern range may be said to ter- 
minate at the same latitude as that of the commencement of the western. 
Qranitic rocks, (principally sienitey) seem to form the basis of the whole 
of these eastern ranges, appearing at most of the accessible summits, 
from Cape Comorin to Hyderabad. Resting on the granite, gneiss, and 
•mica-slate, that fbrm the sides and base of the mountains, are sometimes 
seen clay-slate, hornblende-slate, ftinty- slate, chlorite and talc -slate, and 
primitive or crystaline lime^stone, affording, in some places, marbles 
of various colours, as in the district of Timtivelly, near Cotallum, where 
gram tie is observed rising above the surface, in remarkable globular 


or 
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or concentric lamellar concretions, and in apparently stratified masses, 
forming low detached hills, the strata of which dip at an angle of about 
45® to the S. W.* Partial deposits, of the overlying rocks exist in this, 
district, and of the black cotton soil, supposed to be produced by the de- 
composition of trap rocks. In the neighbourhood of Pondicherry, there 
are beds of compact shelly lime-stone, and some remarkable siliceous petri- 
factions, chiefly of the tamarind -tree, which have never been well described. 
The bed of the Caveri, or rather the alluyial deposits in the vicinity 6f 
Trichinopoly, produce a variety of gems corresponding to those of Ceylon : 
in general, however, the surface of the level country, as far north as the 
Pennar river, seems to consist of the debris of granitic rocks, and 
plains of marine sand, probably left by the retreat of the sea, with 
occasional alluvial deposits, and partial beds of iron-clay, and detach- 
ed masses of other rocks of the overlying class. In approaching the 
Pennar river, the iron-clay formation expands over a larger surface, and 
clay-slate and sand-stone begin to appear. In the hills behind NcUorCy 
are found specimens of a very rich copper ore, yielding from fifty to sixty 
per cent, of pure metal, according to Dr. Heyne, besides argentiferous 
galena. 

It 


* These appearances, hitherto considered foreign to the nature or aspect of gra,nite rochg in 
other parts of the globe, might be deemed questionable here, did they not coincide with sfmilar 
appearances throughout the peninsula, and remarkably so with those of the Ceylon granites as thus 
described by Dr. Davy, ** In structure, the granitic varieties most commonly exhibit an appearance 
of stratification. It is not easy to decide with certainty whether this appearance is to be attri- 
buted to the mass being composed of strata^ or of large laminae or layers. I must confess I am 
“ more disposed to adopt the latter notion. I have found some great masses of rock decidedly of 
this structure masses almost insulated, quite bare, several hundred feel high, in wliich the 
“ same layer might be observed spreading over the rock, like the cost of an onion ; — and which, if 
“ only partially exposed, might be considered a strong instance of stratification ; — and, if examined 
“ in different places, on the top and at each side, might be considered an extraordinary instand of 

the dip of the strata in opposite directions. With this hypothesis of the structure of the rocks*. 
“ the appearance of stratification in all the granitic varieties may be easily reconciled.*’ 


D 
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It is to the observations of Drs. Heyne and Voysey, that we owe all 
the information we yet possess of the vallies of the Pennar, the Krishna, 
and the Godaverl rivers. This interesting tract of country is not more re- 
markable as the ancient source of the most valuable productions of the 
mineral kingdom, being the repository of the Golconda diamonds ; — than 
for the extraordinary geological features which it presents. The Nella 
Malta range of mountains, in which the diamond •breccia is found, is 
described by Dr. Voysey, as exhibiting a geological structure, that can- 
not easily be explained by either the Huttonian or Wernerian theories, 
the different rocks being so intermixed with regard to order of posi- 
tion, each in its turn being uppermost, that it is difficult to give a 
name to the formation that will apply in all places : the clay-slate forma- 
tion is the name he has adopted, under which are included clay-slale, every 
variety of slaty limestone, sandstone, breccia, Jlintyslate, hornst one- 
slate and a tvfdceous limestone, containing, embedded in it fragments, 
(rounded and angular) of all' these rocks — all passing into each other by 
such insensible gradations, as well as by abrupt transitions, as to defy 
arrangement, and render description useless. It is bounded by granite, 
which passes under it, and forms its base, some elevated points, such as 
Naggery Nose, having only their upper third composed of sandstone and 
quartz, while the basis is generally granite or sienite. 

The rocks above enumerated, with beds of compact limestone, resem- 
bling lias, of various colours, and the addition of the iron-clay and basaltic 
rocks, occupy extensive portions of the valleys of the Krishna and Goda- 
veri, covered in Some places by the black trap soil ; a sienitic granite how- 
ever, composed of hornblende, and sometimes mica, with quartz, felspar, ojid 
garnets, interspersed, forms the basis of the ranges that separate these 
riy<ers. From Condapilli northward, the granite is often penetrated, and 
apparently heaved up by injected veins or masses of trap and dykes of 

greenstone. 
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greenstone. We hope soon to be enabled to lay before the Society, a de- 
tailed description of these formatigns^ accompanied by sections of the 
strata between Madras and Hyderabad. The waters of the Kriehna and 
Godaveri expand as they approach the sea, dividing into numeroins 
branches, and depositing their alluvial contents during inundations over 
the low level tract that separates them: these deposits consist, according 
to Dr. Heyne, of a black earth, ]|||f»ting on indurated marl, and composed 
partly of the debris of trap rocks, but chiefly of decayed vegetable matter, 
yielded by the extensive forests through which these rivers flow. Here 
may be noticed a characteristic difierence that marks the alluvial deposits 
of the principal river of the south — the Caveri. This river, flowing in a 
long course through the Mysore country, over an extensive and generally 
barren surface of granitic rocks, with scarcely any woods or jungle on its 
banks, seems to bring down little or no vegetable alluvium ; but a rich 
clay, produced by the felspar, which predoDainates in . the granites of 
the south, intermixed with, decomposed cedtaineous conglomerate, render- 
ing the plains of Tanjore the most fertile portion of the south of India. 

Passing on to Vizagapatam and Ganjam, granitic rocks, chiefly ^enite 
and gneiss, predominate, and are occasionally covered by laterite. The 
granite of Vizagapatam assumes a new and singular app^rance, being 
small-grained, and intermixed with amorphous garnets, in rounded grains, 
or specks. This peculiar rock .passes into the Province of Cuttack. 
The only information we possess regarding that interesting district, 
is derived from Mr. Stiki.ino’s valuable paper in the last volume^ of 
the Asiatic Researches. Rocks of theg'runtftc clai» form the basis and 
principal elevations of this district ; some of them are . remarkable for 
their resemblance to stmd-sUme, and abounding in imperfectly formed 
garnets, disseminated throughout^ with veins of steatite. Here some traces 
of coal have recently been discovered, which is likely to be produc- 
tive, and gold is found in the sands of the Mahanadi, brought down 

probably 
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probably from the valley of Sambhalpur. We next trace the laterile, as 
the overlying rock, through .the district of Medinipur, and thence con- 
tinuing northward by JBis/tenpur and Bancora to Birbh&m, reposing 
sometimes on sarid-stone, but more frequently on granite or gneiss. At 
JBa$tcora, the calcareous concretion called Kankar, begins to cover the 
surface of the granitic and sienite rocks ^ which rise above the surface to 
considerable elevations in that district^ 

Thence we pass on to the great coal field that occupies both sides 
of the river Damoda. The boundaries of this formation have not yet 
been accurately ascertained : to the southward we trace its associating 
rocks ( sand-stone and shales), to within a few miles of Raghun/ithpur, re- 
.posing on granite and sienite — about forty miles north by east; from that 
place we come to the first colliery ever opened in India. The late Mr. 
Jones, an enterprising miner, had the merit of commencing these works 
in 1815, at a place called Rhnl GanJ, on the left bank of the Damoda. 
Mr. Jones describes this as the N. W. coal district of Bengal : he states 
that he observed the line of bearing for sixty-five miles in one dii’ection, its 
breadth towards Bancora, (on the S. W. side) being not more than eleven 
or twelve milej^ from the river ; and he conjectures that the same coal 
formation crossing the valley of the Ganges, near Catwa, unites with that 
of Sylhet and Cachar, which he denominates the N. E. coal district, and 
from which abundant specimens of coal have been produced. An accu- 
rate survey of this extensive and valuable deposit seems to be called for, 
by obvious considerations of the most important public advantage. 

The principal rocks that compose this formation are varieties of 
sandstone, slate-clay, and shales, with occasional dykes and veins of trap 
and greenstone ; the immediately covering the coal, abounds with 

vegetable impressions, and some animal organic remains ; amongst these. 

Dr. 
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Dr. VoYSfiv distinguished a phytoUthus, a ealamite, a fyeopodium, atid one 
specimen of a gigantic species of patella. The passes into slate-clagy 
above which succeeds a gritty, micaceous, hrownish-grey, sand-sione, here 
and there becoming indurated and slai ^ — this forms the surface rock alt 
over the coal district, rising into low round • topt hills and undulated 
grounds. In the coal pits (three in number,) which have, only yet been 
sunk to a depth of about ninety feet, seven seams of coal have been met 
with, one of which exceeds nine fet^ in thickness : the quality of the coal 
(which is now consumed largely in and about Calcutta,) somewhat resem< 
bles the Sunderland coal, but leaves a larger proportion of cinders and 
ashes. * 

Proceeding northward and westward, from Bancora, and the Da- 
moda river, the road to Benares passes over granitic rocks, of which the 
ranges of hills on the left, and the Whole country, as far as the Sone and 
round by ShirgMti Gaya, Is probably composed. On approaching the 
Sone river, and crossing the hills behind Sasserdm, sand-stone begins to 
appear, and continues to be the surface rock, with probably only one con- 
siderable interval, all the way to Agra, forming, as before noticed, the 
southern barrier of the valley of the Ganges and Jumna; that interval oc- 
curs in the lj;tw lands of ^tcndel/r/mnd, where the remarkaMb isolated hills, 
forming ridges, running S. W. and N. E. are all granitic, the high lands 
being covered with sand-stone. This brings us back to the rocky plains of 
Upper Hindustan, and to the last of the three principal mountain rang^ 
first alluded to. The Vindhya ^ono, crossing the Continent, from east to 
west, may be said to unite the northern extrea^ties of the two great ranges 
already described, which terminate nearly in the same parallel of latitude, 
forming, as it were, the base of the triangle that elevates the table land 
of the peninsula. This great chain, yielding little in classical dharacter 
to the Himalaya, intersects the heart of the country, and is distinctly 

E traceable, 
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traceable, even in. our very imperfect maps, running about S. 75® W. from 
the point called the Ramgerh hills, towards Guzemt: this range has numcr> 
ous divisions and a multitude ofnames, almost every district giving a change 
of denomination, but to the eye of a Geologist who considers things on an 
extended scale, there is a parallelism in the disjointed parts, and a general 
connection and dependance on the central range ; the substrata prove this 
fact, for in every case they preserve that parallelism. The great surface 
formations of central India and the Delehin, are the granitic, (including 
always gneiss and sienite) the sand-stone, and the overlying rocks ; the latter 
exceeding in their extent those of any other country. The basaltic trap 
formation extends northward all over Mnlwa and Sds-ar, ami eastward 
towards Sohagpur and Amerakantak ;* thence proceeding southward by 
Nagpur, it sweeps the western confines of Hyderabad, nearly to the 
fifteenth parallel of latitude, and bending to the N. W. connects with the 
sea near Fort Victoria, as already noticed, composing the shores of the 
Cancan northward, all the way to the mouth of the Nerbadda, covering an 
area of upwards of 200,000 square miles. It overlies sandstone in the dis- 
trict of S&gar, and hence may be inferred, that a portion of it at least is 
posterior to sand-stone: it possesses the common property of trap rocks in 
general, viz. tliat of changing the nature of every other rock which comes 
in contact withiit ; and in the district of Sugar, it is always associated 
with an earthy limesione, which seems to have undergone great change, 
strongly indicating the agency of heat. According to Captain Franklin, 
the sandstone deposits are very regular both in their deposition and 
geological character, and ‘cannot well be mistaken; their general pa- 
rallelimn to the horizon, ^d their saliferous nature, appear to him to 
Identify them with the new red sandstone of England, whilst the red marie, 

and 


* It is expected, thdt the litnits of this eastera' depont of trap will soon be more acurately 
determined by Captain Frankli^. 
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and its superincnmbent variegated or. mottled variety, (called by Wemet 
bunfer-sand-stein,) together with the deposits of Ideis Hme-stme, place the 
matter almost beyond a doubt. In using the term nm red sandstone, how- 
ever, it must be understood, as it is in England, to comprise all that series 
of beds virhich intervenes between the lia$ limes toM and the coal mearnires^ 
admitting which, he conceives that the water-falls of Bundelkhand, which 
occur in the lowest steps of the Vindhya range, will afford a series of for- 
mations corresponding perfectly with those of England; and to that 
school, therefore, our attention should be directed, in order to arrive at 
satisfactory conclusions regarding it. 

On the western side of India it is, as we have seen, covered by over 
lying rocks, as atSagar: it appears, however, Hanking the large primitive 
branch which rums to Udaypur, on the side of Guzerat ; and to the north 
it sweeps into the desert to an unknown extent. A paper of Mr. Fraser’s, 
ill the London Geological Transactions, proves this fact^ even if we had 
not the more substantial evidence of rock-salt, which is there produced in 
abundance. 

The next of the great surface rocks of central liMia, is large-grained 
granite, frequently passing into gneiss, generally composed of quartz, flesh- 
coloured felspar, a little brown or black mica fxad. hornblende; it varies, how- 
ever, in appearance, and also in the proportion of its constituents; but, 
generally speaking, it contains large crystals oi felspar, and is; consequent- 
ly, much subject to decomposition ; Captain Franklin has specimens 
shewing its unequivocal passage into greenstone, and, in some instances, 
it resembles greenstone porphyry, as in a small water course at the foot of 
the Bairamganj. Ghat, in Bundelkhand: it sometimes also, he observes, 
resembles euphotide, and, in many cases, it would be difficult to decide 
whether it be granite . ov sienite; this circumstance renders it desirable that 

it 
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U should receive further examination: it extends all over the southern part 
of the peninsula, after the trap and sandstone disappear, and it lies so 
near the surface that it is constantly protruding through the superior 
strata all over India, all the valleys of denudation bring it to light, and 
the plains of Sundelkhand are entirely composed of it; the veins of quartz 
roek\ with which it is constantly associated, forming, in general, the spine 
of the hills. 

The vallies of denudation are almost thfe only places where the pri- 
milive stratified rocks can be observed with advantage, and even there it 
is rare to obtain a good section of them ; it is not because they do not 
exist in India, as in other countries, it is because they are, for the most 
part, buried beneath a mass of superincumbent trap ; still however, there 
are occasional spots where th'ey are found in situ, as iii the Udaypur 
branch of the primitive chain, the small primitive ramification on the 
verge of the trap near Jabalpur, and many other places not necessary 
to mention ; but the valUes of denudation sometimes exhibit a series, as in 
the bed of the Nerbudda river, at Heragerk, ' near Garrah, and it is there 
chiefly that these rocks can be studied advantageously. 

'■it 

With regard to the rocks of more recent formation than sandstone, 
India is peculiarly barren; but this circumstance, above all others, renders 
its geology interesting — if it be in reality so, whence does such a remark- 
able distinction proceed ? the reply may comprehend a solution of tlie 
most importai^ phenomeita sofi^the science. 

j . . • , . , , .f 

The itor formation is as yet known only from Captain Franklin’s 
researches; he has found it in Bundelkhand in situ, reposing on red marie, 
or new red saudstoue ; its general geological character appears to cot- 
respond with the same fonnatumdn England, and its light-coloured or 

most 



most comp^ict varteties have b^n found t6 ahWer Bome part>oae» 

of lithography, althong'h none h&s yet been diacovieJifed equal 'to the twte 
lithographic stone of Europe. Neither oolites nor'' chalky nave' ^et h^eh . 
discovered by Captain Ebankl’in, although he haB tt^veiaed ftot otiSy thd 
range of hills, at the foot of whicfe the lids is found,' but' th^whole adjoin- 
ing country, and the absence of these rocks' in the -tract that has fallen 
under his examination, forms, in his dpinion, a remarkable pebuliarity. 

This,' therefore, is one of our great objects of research, viz. ' to ascertain 
whether in all other parts of India,’ the oolitic and latdr regttlar forma- 
tions are thus Wanting, nor should the concretionary' rocks be excluded 
from this enquiry ; of these the most remarkable is that singular calcare- 
ous deposit called, in the Bengal provinces, kahkar,' ahd known by othdr 
names in the south of India. It appears in a variety of forms and in 
different relative positions in different places.” Sometimes' in' 
globular concretions^ or rolled masses, scattered ovet the surface of 'VaUcys 
and rocky plains ; at other tin|ps in horizontal beda and layers, at various 
depths in the alluvial deposits of the rivers and plains of Hindustan. Its 
prevalence is ve^y extensive, although less abundant in the southern' quar- 
ter of the peninsula ; neither has it yet been observed on the Malabar Coast,* 
and in !^engal it appears to be bounded, to the eastward by' the 
river. Froni its peculiar appearance in some places U has been cohsidered 
Bs calc tuff', and by some mineralogists would, perhaps,'be classed^Under that 
denomination. Common AranAar, on analysis, is found to’contain the ele- 
ments of oolite and chalk. May not this concretiona^ formation therefore, 
which seems peculiar h> Indian "be the ruins of what, under different circum- 
stances, might have become td^qlar ooliit^M; strata? Captqiu Fbankli^ 

'■ observfes, 

* 

* It should be remarked, thatrflie prevailing ZaAiriM of that c«att is ebarwterised bj a propor* 
tion of Cakareous mlitter in its ceihposition. 
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olifierves, that these irrogtt}a|> beds of which are found following 

every water oouiae, and forming its hanksi have often the’ appearance of 
having been deposited under cireumstances peculiarly unfavourable to 
regularity ; and it may be asked, to what f^ency but that of running and 
turbulent watel; can such appearances be^satisfactorily ascribed ? 

The absence of those regular formations which are known to e^tist 
in other countries is, however, a geological question of the first import- 
ance that must not be hastily taken up or hypothetically assumed, and 
nothing but reiterated and satisfactory proof of their non-existence ought 
to be'considered admissible. A careful discrimination is also necessary, 
so as not to confound with chcdki the numerous steatitic deposits which are 
known to exist, and are used in India as substitutes for it ; the oolites in- 
deed cannot wnll be mistaken, because their peculiarity of structure 
readily points them out ; hut the most important of all distinctions are, 
geokfgical position and assoemtion, without attention to which all observa- 
tions will necessarily lose much of their value as useful facts. 

With regard to organic remains, (the most interesting of all the 
branches of geological science,) it is to be feared that India is not likely 
to prove a productive field. The coal strata, when public s{yrit and 
enterprise shall excavate them, will, probably,, afford other varieties of im- 
pressions of vegetables and fishes, besides those already mentioned, and 
the lias lime-^tonk may contain specimens of the sauri tribe ; but hitherto, 
the most striking ph<pnomenon in Indian geology is the almost total 
absence pf organic remains in the stratified rocks and in the diluvial soil. 
Sharks' palates^ axe found in the diluvian banks of the Ganges. In 
the lime-stones and alluvial deposits of Sylltet and Cachar, the interesting 
researches of Mr. Scott, have discovered nummulites and other shells,' 

^ “1 k . - 

which appeared to Dr. Vovsev to be dilmifln, or even of modern existence, 

' * . live 
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livife shells of exact leaembhinee to tliem being: foinid,iQ;lbe vtctnUy, 
with the exception of mmmtdites. SiUcifi.ed'Woqd;J^ been ' found in ttiie 
diluvium of Calcutta and Jebbdpur; but bones of animalo have mevetyet* 
we believe, been discovered either in dilnnum or in stratified rotdm. In/ 
this branch however, the extensive deposits of fossil bones, rerontlydbi 
covered in Ava, apparently antediluvian, and. perhaps the yet unexplored 
caverns in the linuhatonc strata of Shflbet, €adbir, and Atom, promise a 
field for future successful research. Of the alluvial delta of Bengal, 
the bed of the Oa»ffes, and the country to the eastward of it, we are at 
present unable to add anything of importance to the mfbingmtion . given 
by Dr. Aoam, Mr. Scott, and WDr. Bexson, in their interesting commu- 
nications already published, nor do we poasesa as yet sufficiently con- 
nected materials for giving even a superficial view of the geological oub, 
lines of the countries to the north-west, but wc may look,to some zealous 
explorers now actively employed, for an early extension of our geological 
knowledge in that direction.* The Bombay Idteravy Society will. fno 
doubt, be able to collect much interesting information from that quwter, 
especially as it is understood tfiat the coal field long since discovered in 
Culch, by the late Captain McMurdo, is , now likely to be worked. 

I have said nothing about the lead mines of if/mer, nor of die ores of that 
and other metals that have been discovered and worked in former times, 
in various parts of India, particularly the extensive and important class 
of iron ores, which abound almost every where, and in greater , variety 
than, perhaps, is to be found in any other cojintiy.t ■ , . 

- A ' From, 


• Specimens iftid to be from the Provtace k CtOdi, hafe been seen by Dr. Dahme, rdribb" 
lead him to expect thae we shall, inwall probabiUty, discover, in that quarter, sope of the newer das# 
of rocks posterior to the lias, whjeh are in so ranarkable a degree wantingin other quarters of ladia. 

t Captain Frakkciit has been engaged in examiping the tron ores of the vallqr of the Aor. 
mada, and Captains Cooiihard a^' frlCKaoH, iir the districts of Sspw/aad Ajmer, have fur- 
nislted interesting communications, much will appear in our Researches. 
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From the %boYe desultory observations, it would appear, that the 
Geology of India is far less complex, than that of most other countries, 
of the Geology of which any thing is known. It is said* that, in- 
stead of twenty different formations, as in England, there are in 
India only four, viz. The granitic, the sandstone and clay-slate, the 
trap, and the dilumal; with their respective subordinate rocks, each, 
of which formations possesses characteristics in common, that strong- 
ly mark their cotemporariety. This conclusion, however, requires some 
modification. We have the primary series, both stratified and unstratifi- 
ed, in complete succession. We have the transition class — the carbonifer- 
ous order, and also the secondary class — nor does there appear to be any 
thing anomalous, until we’ ascend in the series to the overlying rocks of 
the trap family ; these rocks, as has been shewn in another part of this 
paper, form the most striking feature of our Geology, and as some of 
them at least are proved to be of a later epoch than secondary sandstone, 
it is apparently to the period of their formation (whatever may be their 
origin,) that we must refer the commencement of anomalous appear- 
ances. 

« 

In this view of the Geology of India, therefore, our safest plan will 
be to confine ourselves as much as possible, within simple rules, and to 
such terms of nomenclature as may least embarrass the subject. The best 
writers in the Transactions of the Geological Society of London, seem to 
have very generally adopted the synoptical arrangement, which is given 
in the introduction to Conybeare, and Phillips’s Outlines of the Geologjr 
of England and Wales ; and it is to be presumed that they have done so 
after due consideration. The English Geologists have cerfsainly shewn, 

that 
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that they are less inclined to theorise than those of other countries : in- 
deed, the series of their rocks is so complete, that they have not needed 
it : their labours have consisted in the accumulation of facts, and the 
scene of their operations being so confined, compared witli the extensive 
field in other countries, they have been able to visit almost every forma- 
tion with minute investigation This we have no present hope of being 
able to accomplish in India; but we may, nevertheless, follow their exam- 
ple in the simplicity of our arrangement, and in the precision of our no- 
menclature ; and it would seem that our adoption of the synoptical arrange- 
ment above mentioned, as far as practicable, by leading to an uniformity 
in our pursuits, and, what is still more important, to an identification of 
our principal Geological Strata with those of Europe, will preserve us 
from many errors : it will, besides, prove advantageous in rendering our 
descriptions more intelligible to hll persons in £ngla.ud, who may be in- 
terested in the Geology of India. 


NOTE. 

Tlie occurrence of basaltic veins, traversing the granitic rocks of Central and 
Soulliern India, is not unfre(iucnt, and has been particularly noticed by Dr. Voysey. 

In travelling from Madras to Mangalore, many years ago, I observed one of those 
veins possessing peculiarities that may render its description somewhat' interesting to the 

Geologist. It occurs in the rocky bed of a small detached branch of the river Caveri 

at a spot distant about two miles west from the fort and island of Seringapatam ; here the 
prevailing rock is sienitic geanite, which, on the left bank, rises in nearly a perpendi- 
cular face to about fifteen or twenty feet above the stream. In this rock, there is a vertical 
dyke, or vein of compact basaltic trap, ten or twelve feet broad, and of uniform thickness 
(its sides being parallel) from top to bottom — a small vein of, black scaly hornblende., about 
two inches in thickness, traverses-the sienitic rock, obliquely, and it is distinctly percleptible 
that this vein has been disrupted by the whyn dyke, for, in the midst of the basaltic vein, there 


are 
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are fragments of the sieniiic rock .• some of them from one to two feet in diameter, which 
contain portions of the hornblende vein^ so perfect and entire as to indicate the precise spot 
from which they must have come; and it is particularly remarkable, that all these fragments 
appear to have been carried upwards, considerably above the leval of the hornblende xvin 
which, with its containing rock, is obviously of anterior origin to the trap vein — a fact 
that is also indicated by the superior induration and partially scorched appearance of the 
sienite along its line of contact with the basalt. 

The following sketch represents the appearances here described 



A — The main rock of the bed and bank of the river, sienitic granite. 

B — The basaltic vein. 

C— The hornblende vein. 

D — The bed of the river. 

a. b. c. d. — Fragments of the main rock, containing portions of the hornblende vein 
evidently forced upwards. 

e. e.— Other fragments of the main rock, without the hornblende vein. 
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ON THE 

GEOLOGY 

OF A PORTION OF 

BUNDELKHAND, BOGHELKHAND, 

AND THE 

DISTRICTS OF SAGAR AND JEBELPUR! 

By. captain JAMES FRANKLIN, 

First Bengal Cavalry^ M. A. S. 


(READ FEBRUARY 11, issa) 

Having lately had an opportunity of examining the Geological fea- 
tures of a portion of the provinces of Bundelkhand and Boghelkhand, and 
also of the districts of Sugar and Jebelpur, I have great pleasure in sub- 
mitting the result of my observations to the Asiatic Society, and I beg 
to offer to their notice, the limestone i^rmation, which is found on the 
summit of the second range of hills, as it appears to correspond with the 
lias limestone of England, and I am not aware, that this formation has 
heretofore been shewn to exist in India. 

The tract of country to be here described, is a portion of the nor- 
thern steps of the Finrf/iya mountains; .for, although the ranges of hills 

have 
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have separate names, such as HindAchal, Jfamlair, Kjfnmr, &c. which 
serve for local distinction, yet viewing them as Geological portions, they 
must necessarily merge in the common denomination of that great zone 
of which they arc component parts. 

I comraence(^iy route at Mirzapur, a place of considerable traffic 
on the river Gamres, and ascended the first range of hills at the }>ass of 
Tura. The tract between these two places is not interesting in a 
Geological point of view, being covered wdth alluvium, which either re- 
poses upon beds of kankar, or is intimately intermixed therewith, and 
near the hills, the kankar is found by the excavation of wells, to repose 
on sandstone. 

The first range of hills is composed entirely of sandstone, horizon- 
tally stratified, consisting of fine grains of quartz, cemented by clay, and 
coloured more or less by the red oxide of iron ; it is o<;casionally compfict, 
but its general character is rather friable, than compa<’t, and it sometimes 
contains galls of clay : it is also saliferous, as is evident from the plains 
below being saturated with salt, and also from the salt works, on the 
banks of the Tons river ; in many parts, it has sufficient cohesion for ar- 
chitecture, and is quarried near to the Tara pass for that purpose : con- 
necting these circumstances, therefore, and a comparison of it, with 
specimens of the same rock from England — it appeared to me to corres- 
pond with the new red sandstone, ^ 

From the crest of the Tara pass, to the foot of the second range of 
hills near Kaltra, the whole tract is a platform, varying only from a per- 
fect level, by occasional protrusions of the rock, which form small collincs, 
and some times hills; this platform increases in elevation towards the south- 
west ; in the part where 1 passed, except immediately on tlie crest of the hills, 


common 
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common is very prevalent, either intermixed vitb the alluvium, 

or in beds, as in the channel, and on the banks of the Slaikm tuidi at 
Jdaronda, where it appears to be indistinctly stiwtified^ — and contains 
fragments of sand~stone this part of the range is not nch either in mine* 
rals or metals ; but another portion of it, near Pmnah, is remarkable for 
containing diamonds, and still farther west, are the extensive iron mines 
of Katola. . # 

I ascended the second range of hills at the pass of Kattra, and fonnd 
near the top of it a stratum of red and bluish green sledy marie intmstra* 
tided with in thin laminm, and Surmounted at the top by va< 

riegated ,* these beds resembled the red* marie of Bngland* and 

in furtherance of the conjecture that they may be so idehtified-^I will 
add that salt is manufactured in the vill^e ot Kattra. The tJoity tmerk 
rested upon massive beds horizontally stratified, resembling, as far as I 
can judge from description, Dr. MAeeuLr.ocH*s lowest 8d Div. 

F. the upper part of which was schistose, containing a little mica and 
tinged slightly green, but the lower part was massive, and coloured by 
the droton oa;tde o/* iron. 

The summit of the second range is a platform,- like the former^ vary- 
ing only from a perfect level by the same description of nndulatton which 
I have described above ; like the former also it increases in elevation to- 
wards the south- west, and in order to examine its ^ com][H)sitiOn, I visited 
aU the water-falls between the JCa<lr4|^SSSV the Toss vivebr. 

•'51 ^ ^ ‘ ■ ’I, . '--S- ' . ' 

The first of these cataracts is near the village of Bilohiai about twelve 
miles west of the pass of Kattra, ths fall of water is three hund^^ and 
ninety-eight feet, and the escarpment is nearly perpendicular, the lowest 
bed is a thin stratum of fine argillaceous sand-stoue Jtinged deeply by 

H the 
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4:he red oxide of iron and containing mica disseminated in small particles ; 
upon it reposed a bed of silioeons sandstone, tinged green, and inter- 
calated 'with ’Slate clay, or shale, of the same colour; these beds were 
compact and hard, but upon them was a thick stratum of variegated 
sandstone, having an argillaceous cement, which continued to the sur- 
faoet' 


From the cataract of Bilohi, I proceeded to that of Bouii, ten miles 
ftirthcr west ; this waterfall is exceedingly picturesque, not so much from 
the fall of water, which is four hundred feet, as from the extent of the 
cirqtte ; the lowest rock is greenish white arenaceous sandstone, not quite 
so compact as that of Bilohi, though, perhaps, it may be a continuation 
of the same, and upon it, (commencing at the depth of three hundred feet 
below die surface), is a' variegated or mottled stratum, then follows a lilac 
red, or purplish stratum, which becomes more and more light coloured, 
so as to approach' eahuon colour, before rt reaches the surface. 

The enormous masses of kaukar which have been rolled down by 
torrents into this chasm, are very remarkable ; the surrounding fragments 
oi sandstone, are all worn, or their edges rounded by the attrition of water ; 

V. 

but these masses remain tUnalfected, and' continue to defy botli the force 
of the stream, and the rsuages of time. 

, ^ j ' If ' < * 

. From Bouti, <1 proceeded to Keuti, twonty-fmir miles further west ; 
here the fall «f water is twi|^ndtiS0nnd seven ty-^two foet, and the depth 
of the escarpment three hundred and twenty feet : the lowest stratum of 
rock is the variegated or mottled mentioned above, and upon 

it repos^ the lilac red; or purplish stratum^ which last, commencing at 
the depth of two hundred and fifty feet, continues to the surface, varying 
only ill consolidation, and becoming lighter in colour. 


From 
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From Kevai, I proceeded to the cataract of C^hai, iviiiere the fall of 
water ia three hundred and.sixty<>two feet but here is no other rook, than 
the lilac red, or pui^ish stratum^ which varies as. at Kitutit 

both in Colour and consolidation as it approaches the surface;. 

From CJutchai. to the cataract of the Tons liver, 'is a short distance; 
the volume of water is greater than in the other cataracts, but the fall is 
less, being only two hundred feet, and' the rock resembles that of Chachai 
so exactly, that it needs no further deseriptiooi 

These cataracts, though there is nothing i stupendous, abmit them, 
have still enough of iuterest to^ieipomin^ad them to the. notice^ of travel* 
lers, and they have i the -^vantage of being easily approached ; they are 
sufficiently magnijhcent; tooCcasiohii a, slightdmpression ol^«we' mingled 
with pleasure, at iirst sight, and this feeling is perhaps enhanced, 
by coming on the brink of the precipice ^mpst dnawares; they are 
also very picturesque, aud deserve the talents and skill of an able artist. 

In a geological point of view, they are more interesth^v for, from 
their composition, it is evident, that the whole range of hills in which 
they are situated; is a mass of sand^one, they shew^ also, > that there is a 
valley in the subjacent strata in this, part, by- exhibiting distincUy the 
plane of inclination of the variegated stoatum, which being uppermost at 
Bilohi, central at: Bouti, low^t at Keutif k and' dicaftpedring below the 
surface at CAoc^mV^lainly denotes a||»ttlsdddip|teij(; 4he>axm^^ which is; 
perhaps, somewhere about the Tons river, and ^is < appears * to be the 
thickest part of ;the fermation; 

From the cataract of the Toss river, I proceeded via Sir- 

sinhpur. Hat, hi, Sohatvel, and Nagound, to Lohargong, and met with no 

other 
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other rock than sm^^tone, sometimes ferruginous, sometimes slaty, and 
sometimes containing wico, until I arrived at JSat,hi> vrliere it changed 
to argillaceous lias Ume-sUme. . 

At Birsinhpur, in the bed of the, small river which runs near the 
town, is a stratum of red mark or sand'rstone, containing laminm of calc- 
spcfft distinctly interstratified ; at Sohawel, red marie underlies the limestone 
above-mentioned; Vii jS^agound, in the bed of the Omeron river, its lower 
and central beds are exposal to view, containing fragments of fossil wood, 
also fragments of stems of ferns, and one piece exhibited, what I took 
for m impression of the gryphite shell, which is peculiar to this formation ; 
at Marhary near the tank of the old village, it reposes on red marie, in con- 
formable stratification ; and at Bohargong, tlie wells of the cantonments 
exhibit its upper or slaty beds, reposing upon smoky grey limestone. 

From Lohargong, I proceeded, vja Mehewa, Qhysabad, Hattahy Nar^ 
sinhgerhy and PeUteriyay to S&gar. 

* 

The firsts part of the route, was over an alternating succession of Ime- 
stone lowlands, and sandstone collines, which continued as far as the K6n 
river, the bed of which is rad. mark Bu^d . standstonef afterwards, the same 
alternation occurred iaJBaitahy where the hme-^/oRe reposes on red marfe, in 
the banks of the Sonar riyer^ as it does also at JSarsinhgerh, in a small 
ravine north of th|» Ji^.j^iy^ the tiMrk is almost entirely green. At 

Patteriyay it comes rocks, and is thereby changed both 

, in appearance and those portions which contained most silex, are 

converted into eherty and it is curious to see specimens, one half of which 
is cherty smd the ether half stUl retaining the property of effervescing 
withacida. . 


The 
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The general aspect of this limestone is dull at^ earthy its Atratifi- 
cation is horizontal, or nearly so, and always conformable to t^ marie or 
sandstone on which itireposes; its lower beds are fhiti, and separated by 
argillaceous partings ; and some portions of it, particularly the white va- 
riety, are sufficiently compact for Lithographic purposes : the middle beds 
are usually of a dark smoky grey colour, always exhaling a strong argilla- 
ceous odour when breathed upon, and sometimes containing fragments of 
petrified wood, and of the stems of ferns, as may be seen ai^fagound; and 
it is this vaHety which burns into strong /tme, and has thie pro^rty of hard- 
ening under water: the yellow kind is generally compact, usually den^itic, 
and if polished like the Cottam marble, might be used'for ornmnent^l ^archi- 
tecture ; its external surface frequently presents branches and prominences, 
resembling (as Mr. Greenouoh expresses it) the interlacings of ivy, and 
in this state it might be used for’ rustic architecture. ' ’ 


This limestone appears to bethevameas the lids Ume-itHne of Sln^and, 
and the specimens I send herewith, shewing its ordinary varieties, will 


enable the Society to judge how far my conclusions are well founded. It 
extends all over the platform of the second range of hills, covering it with 
„ thin stratum, the continuity of which is only interrupted by occasional 
protrusions of the red wior/e or saudwdbne, on which it reposes, and as these 
sandstone collines are generally sterile^ from want of' soil to cover tliem, 


the lias formation becohies an object in aj 

' •? 

the^ow lands, 'sdiich retain moistufe, and 


After pacing the town ot Podiarufa, I cai^ lP 



^,because it occupies 
nch soil. 


if o^tfying rocks, 


which I designate by the general term 'of trap; ^ 'hiirs'oa the left of 


the road are composed of those rocks, and after ascending the pass of 
Pattenriya, 1 met with no other rockf than trap, between it and S&gdr. 


I 


The 
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The upper of the trap of S&gnr, like that of Patteriya, is fre- 
quently globular^ the nuclei of the decaying masses varying in size from 
an egg, to a large bomb-shell ; and their decomposing concentric lamellap, 
being generally very thin, and often very numerous ; the best specimens 
are too heavy to send, but that which accompanies this paper, will per- 
haps serve to explain niy description. „ ' 

Under the stratum of globular trap which usually occupies the 
highest part, is a bed of indurated wackeii, or ainorphou^/rop, of a 
rusty brown colour ; sometimes scoriform, or of a small cavernous 
structure, and sometimes columnar ; but this last form 1 have only observ- 
ed in the beds of streams, or on the borders of the formation ; under the 
amorphous trap is a stratum of limestone, white as chalk, which is observ- 
able at Sugar, and in the hills near Pattanya. 

I have termed this white rock earthy limestone, because I know not 

f 

what other name to give it ; its principal component is carbonate of lime, 
and ]\pxt to that is alumine ; it also contains silex, and when it abounds, the 
rock is converted into chert : felspar does not seem to be abundant, and 
though the rock occasionally assumes the texture of indurated clay, anJ^ 
sometimes, though very rarely, the hardness of clinkstone, yet, generally 
speaking, it appears as if partially calcined, and when the /mpwith which 
it is associated x&po&^t^^Jl^^stone, as is the case ih the district of S&gar, 
it contains noduhjTOpPiij pPP il' imbedded in it ; , the accompanying sjiliiei- 
mens exhibit its iliS|P^®P^PImaiiges above the surface ; but several wells 
have been dug at its changes below the surfac^ are shewn in 

a second series, seh{ hiei«'^ith, one of which appears to be almost pure 
alumine; a thin stratum sometimes inteivenes between the toocAc/i 

and .the limestone. 


Below 
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Below the lime-stoM at S^gar, is a stratum of amygdaloid^ containiug 
and a few which resembles the toad^stomof England ; it 

there reposes on sandstone, but 1 have not met with it in situ in any other 
part except some indistinct vestiges near Jysiuhnagar, nor can I state, 
upon any authority, that the position here described, is applicable else- 
where. 

It 

From Saugor, I proceeded southward, . via Jydnhanagar to Tendu^ 
kairn, and^et with no other rock than trap (with abundance ef chalce- 
dony, semiopal, mealy zeolite, cacholong,. agates, jaspers, and . heliotrope 
strewed upon it,) until I descended the rai^ge of hi^s which foTins the 
northern barrier of the valley of the Nermada river. 

This great valley is favourable for* throwing light on the primitive 
rocks of the central chain, where the force of rccedidg water appears \o 
have swept away the upper, and exposed to view the lower and older 
strata; many inferences may hereafter be drawn from a careful examina- 
tion of this valley, but it would be premature to hazard any conjecture at 
present. I will, therefore, only observe, that the whole mass of overlying 
“Crocks which 1 have jtist passed, reposes on red marie, or sand-stone, as is 
apparent in the bed of the JBarana river, about one mile north-east of J*en- 
dukaira, and- all along the foot of the hills in that direction. 

Its associstte, the earthy lime-stone, her^|^|p|j^p||||ipk.which general 
ly appears half calcined; but its property^|i|p|l||^'^o^||^ with acids is not 
destroyed, except in a few instances where highly indurat- 
ed ; it fuses oeadily with a moderate heat, aiH^^operktes as a flux when 
mixed with clay ; and in this part, it almost always contains fragments of 
5Ujtd-5to»e,i which are more or less^^changed by its contact. 


Alter 
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After descending the hills, and advancing about three miles into the 
valley, a new field opens ; the older roeks are laid bare and exposed to 
view, And instead of horizontal stratification, they become highly^ inclined, 
sometimes perpendicular, and altogether unconforniable to those which 
1 have just passed ; I shall not here ifiention the iron of Tendukaira, 
because a satisfactory account of them would sirell this paper too much ; 
but I will observe one circumstance which may, perhaps, be acceptable to 
travellers — the conical hill, situated about one mile and a half westward of 
Tendukaira, is an isolation of trap, and its summit was once crowned with a 
cluster of basaltic columns of a greyish green colour ; but some violent effort 
of nature, such as an earthquake, has dislocated them, and they now, even 
in their ruins, present an object worthy of the notice of a traveller. 

From Tendukaira, I made a detour to Garka Kota, to meet the Agent 
of the Governor General, and my route thither enabled me to lay down 
the eastern boundary of the trap formation; a reference to the map, there- 
fore, will best explain the result of this part of my route. I always found 
the trap in association with earthy limestone, and the whole series repos- 
ing upon red marie, or sandstone. 

From Garha Kota, I returned to Great Deori, and proceeded across 
the JSandair hills to .hhelpur. 

After qmttinjg||^p||j||l^|l|^|^k was trap for abdut three miles, and 
then commenced of the Bandair hills, which continued 

uninterrupted, the eastern escarpment of those hills, 

which again brougM the valley of the Nermada riveai 

The sandstone of the Bandair liUls^ is mottled (red, speckled with 
white spots or streaks), its stratification is horizontal as far as the eye 


can 
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can judge, and it appears to correspond with the hmter sand-stein of Wer- 
ner, and, consequently, with the new red of England ; the same 

hills are composed of the same sand-stone, opposite to Nagound, Lohar- 
gaon, Tigra, and Ghysabad, and there can be no doubt that the whole is 
a mass of the same kind of sand-stone, varying, perhaps, in appearance, 
but not in character ; and it would be interesting to examine whether 
there are any traces of an oolitic formation on their summits. 

After proceeding about three miles into the valley, I came upon the 
ridge of the Kymur range of hills, which here begins to break, and soon 
disappears below the surface ; in this part it is composed of silicious grit- 
stone, which evidently passes under the sandstone of the Bandair hills, 
but to the south-west of this point, near Hirapur, the rock becomes more 
compact, and still further west, opposite* Giigri, it is intermixed with 
schistose limestone, which contains mica, and, perhaps, green talc. 

Between this range and Jehelpur, is a broad valley, covered by a 
thick stratum of alluvium, which required much more minute investiga- 
tion than my hurried route enabled me to bestow. 

The town of Jehelpur is situated at the foot of a range of granite hills, 
which, perhaps, might be termed syenitic granite, as its composition is flesh- 
coloured felspar, smoky quartz, a little black ndca, and much horn-hlende. 
1 have traced it for thirty miles, in which space it ^ps below, and rises 
above the surface several times, and there.>be rQck becomes well defined 
granite, and is particularized by its tendei^^ exhildf logging-stotm : it 
is much subject to decomposition, from the quantity of felspar it contains. 

Every formation subordinate to granite is to be found in this neigh- 
bourhood. Gneiss, containing hornblende, and partially decompos>ed, so 
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as to acquire a ligniform appearance, is in the bed of the Nennmla river, 
at Tilwara Ghat ; Miva-sekist is at Ramnagar, and all along the low range 
of hills, M’hich runs from thence towards Lamatta. Homblende-.schisl 
is in the hills, between the villages of lihowra and Parer i; lalcose, and 
argillaceous-schists in the hills between Bhowra and Maroud, and in the 
bed of the river between Lamaita an<l Beragarh, a series of strata are 
laid bare, exhibiting^wem at one extremity, and from it, a regular gradation 
of micaceous and argillaceous-schists, to schistose limestone, quartz-rock, 
and the beautiful snow-white dolomite, which is described in the following 
paragraph. 1 cannot here omit to recommend to any traveller, desirous 
of observing these strata, to walk along the edge of the river from 
Bamaita, to the water-fall of Beragarh, from whence he may either pro- 
ceed in a canoe, through a narrow channel, excavated by the torrent, and 
enjoy a spectacle, far exceeding any description 1 can give of it, or he 
may return by the ruins of Tripurapuri, which are near the village of 
Tear, and examine the remains of the ancient capital of (larha. Mandela. 

The Dolomite is near the -water fall; it has been called muriarite and 
alabaster^ hath, of which it resembles ; but from its geological connections, 
as well as its composition, it is evidently a dolomite, and its )nost refrac- 
tory portions, if pulverized, will effervesce, with diluted nitric, or muriatic 
acid; a few miles further west, it effervesces freely, and is friable, almost 
crumbling between the fingers, and contains crystals of Tremolithe ; but 
at Beragarh, being intimately associated with quartz-rock^ it contains 
more or less siUx, and the snow-white variety, which rescinbles alabaster, 
seems to be an aggregate of dohmite and pure quartz : this variety scarce- 
ly effervesces without being pulverized, but it takes a, fine polish, and 
is quarried for various purposes, such as slabs for floors, or tables, and it 
might well be used for ornamental architecture, or even for statuary : it 
is traversed, in many parts, by veins of chlorite schist. 


From 
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From Jehelpur, I returned to Tendukaira, by another route along the 
metalliferous range of hills, which it was my business to examine; hut 
I refrain from giving any account of its mines, for the same reason which 
J have allcdged in my account of Tetidukaira. 1 must also defer sending 
a map of this portion, which 1 have constructed on a larger scale, in or- 
der to shew the position of the mines, until a future opportunity ; in the 
mean time, I may observe, that a part of the southern barrier of the val- 
ley of the Nerniada river (like the northern, opposite to Tendukaira, Sir- 
mow, &c.) is composed of trap rocks, the contour of which I have laid 
down to the extent of eighty miles, and I trust, that a future opportuni- 
ty will enable me to complete the whole. 

The result of my inquiries respecting this eastern deposite of over- 
lying rocks, is, that it extends southward, as far as Chaparah, or 
Seoni, and thence eastward, towards Mandela, Amerakantak, and Sohagpnr ; 
but whether it unites with the great central mass, 1 could not learn ; 
it is somewhat harder than the trap of Sugar, but does not essen- 
tially ditfer from it in character, as the accompanying specimens Mill 
shew ; but it dilTers greatly in its substratum, which is here granite or 
gtieiss. 

In the re-entering .angles of the trap hills, the occasional re-appear- 
ance of the primitive range may be traced, and in a cluster of such hills, 
about one mile south of Jiograi, the rock is composed of mica, quartz, 
('ompact felspar, and chlorite, intimately intermixed in fine grains, and 
somewhat friable; in the same hills also, is a conglomerate of the 
same formation, containing quartz - pebbles, much rounded, and worn 
by the attrition of water, but no fragments of greenstone or basalt, 
although the hills in question are nearly surrounded by rocks of the trap 
family. • 


After 
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After passing Bograi the valley expands, and is covered by thick 
alluvium, through which the dolomite occasionally crops out for a short 
distance ; but with that exception, no rocks appeared above the surface, 
until I arrived at Kshirarpani, where the hills are composed of stratified 
quMrtz rock, sometimes granular, hut more frequently compact, and con- 
taining felspar, the strata are highly inclined, and sometimes perpen- 
dicular, and as there is no other kind of rock, between Kshirarpani and 
Tendukaira, except the isolated sandstone hill of Amjero : this brings 
me back to the sand-stone and trap formation of the Sugar district. 

To this catalogue may be added a very curious calcareous conglome- 
rate, which is found in the beds of most rivers, whose sources, or whose 
channels are in trap countries ; I have observed it in the bed of the Sonar 
river, north of Reili, and in other places ; it occurs also plentifully in 
the Nermada river in various parts; but the largest mass I have seen of it, 
is near the Jansi Ghat. 

It is composed of rounded fragments of wacken, basalt, sandstone, 
quartz, and occasionally of other rocks, varying from the size of a pea, to 
that of an ordinary grain of sand, cemented by calcareous matter, and 
when the particles are fine, the rock in some respects resembles calcareous 
sand-stone, and has sufficient cohesion for architectural purposes ; its stra 
tification is always horizontal, the coarse parts being lowest, and it re- 
poses on the subjacent stratum, be the rock what it may, for it is evi- 
dently the latest formation ; thus at Beragarh it may be seen in the high 
banks of the river, reposing upon the primitive strata, and itself covered 
only by alluvium to the depth of thirty feet. 

1 have not met with a description of this rock by any author, and yet 
it cannot be considered strictly local, for it is evidently a conglomerate, 

formed 
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formed from the detritus of sandst&ne, and overlying Tocks, which appear 
to be its chief constituents, and, consequently, must be of considerable 
extent in this country. » 

Having thus given a description of my route, and a brief compen^* 
dium of my observations as they were made on the spot, I will now ven- 
ture a few general remarks on the conclusions I have drawn from them, 
and should I inadvertently lean to either side of a disputable question, 
1 intreat that it may not be attributed to design : I am not learned enough 
in the science to become an advocate for'any party ; _a few lessons when 
in England, and the great volume of nature have been my chief guide, 
and to record facts, to lay down strata'correctly, though not minutely 
on a map, to extract that which is useful or profitable in the science, 
is all I aim at, and the train of investigation which this requires, imper- 
ceptibly leads to an acquaintance with books, which gifes facility of dis- 
crimination and description, even though the depth of the science may be 
wanting. ■*' 

The late Dr. Voysey observed, “ that he had reason to believe, 
partly from personal observation, and partly from specimens obtain- 
ed from other sources, that the basis of the whole peninsula of India 
is granite : he had traced it along the coast of Cortynmndel, lying under 
iron-clay ; also in the bed of the Godaveri river, from R&jamahendri to 
Natulair, and he had specimens from the base of the SU&baldi hills 
of Nagpur, from Travankurf 'JHnneveUi, Salem, ai||d Sellari;” to this 
may be added Mr. Stirling's account in his memoir on Cuttack, 
where he says, “ the granite, where my specimens were principally 
collected, appears to burst through an immense bed of laterite ( iron-clay,) 
rising abruptly at a considerable angle.” These are recorded facts on 
the southern side of the central chain, and on the northern side,* it may 

L be 
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be observed, that the plains of Bun^elkhaml, attest thatjrraittVeis there the 
basis rock. 

( * 

Though I am convinced that granite is very near the surface, in many 
paints of the tract which has fallen under my observation, yet it is evi- 
dent, that there is a series of primary stratified rocks, intervening be- 
tween it and the secondary formations, as in other parts of the world, 
though there is reason to think tliat they are often wanting ; the Hanks 
of primitive ranges of hills almost always exhibit a series of these 
rocks, and as an tbstance, I refer to that which is laid bare in the 
bed of the Nirmada river, betwtien Lamaita and Beragarh, these strata 
are not intermixed, they present a series of bads from giieiss upwards, 
each in its place, graduating one into another imperceptibly, and all 
preserving tlie same dip, direction) and parallelism, without any tendency 
to derange each other, and they are found' on the spot, where the river in- 
tersects the primitive range of Jehelfwr. 

In this part of India, however, the primary formations are so exten- 
sively covered by secondary and overlying rocks, that vallics of denuda- 
tion alone expose them to view ; and under that impression 1 observed in a 
fonher paragraph, that many inferences may hereafbjr be drawn from a 
careful examination of the valley of the Nermada river, and I may also add, 
from a careful examination of all great vallics of denudation, which, like 
that of the Nermada river, exhiluta view of the primary strata, by removing 
^ the superincumbent beds ui^ider which they ^ere buHed. 

The sand-stone foimation is the next which attracts notice ; its thick- 
ness is, of course, variable, it is four hundred and twenty feet, at the Boutt 
cataract; and from the compactness of the rock, at the bottom of that 
water-fall, 1 am disposed to think that it does not extend far below; there 

can 
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can be no 4oubt, ho^reyer, that it, is thicker near tbe.CAaeAai, and, Tons • 
cascades, and the JSandan', hills must be still more set ; it appseam to com- 
prize most of the varieties of Dr, MACeuLLOcn’s synopses of lowest and 
some of his superior mnd-stoms, whilst the general paiallelism of it» stra- 
tification to the horizon, and its saliferous nature,,weU enough identify i^ 
with the new red sandstone of En^and, which' comprises all tliose beds 
that lie between lias litnestom and the coal measures. 

- ' ,' ■{ 

The lias limestone formation is exceedingly curious, for, whilst in other 
countries it forms. mountainous tracts, and occupies intensive portions of 
the earth’s surface, it is itpre a mere plj^stearing over the surface of red 
or and l^onld doubt whethef it ever ‘attams the thick- 

ness of a hundred feet. 1 haye not met with it in any other place than on 

% 

the summit of the second orange of hills« and it may there be seen in 
the low lands, and in the beds of small rivulets* bat in the large rivers 
it appears to have been swept away, as theif chmmels are worn down to 
the subjacent sand-Stone, and perhaps, in some cases, to the primitive 
strata. 

# 

T^e overlying rocha trf.the S^ligar district appear to he the^fimtz-trap 
of Werner ; they the most extensive, but, oonsidered as 

geological pimnomena; they are the most important in that district, and, 
perhaps, in India^ The prevalenc^of opinion regarding their origin is 
now, indeed, inclining to a modibed volcanic theory, and as their extent is 
truly astonishing, 1 feel persuaded, when their cempit outline shall haye 
been ascertained, that the representation alone be correspondently 
striking. As far as my observations have extended, 1 have never been 
able to reconcile my ideas of it, to the Wernerian theory alone; 1 have 
seen it meandering round isolations of eemd^atemf and nesting against 
them in a manner which could not, have occurred, had its origin been 

such 
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• such as is described in that theory, without covering the sandstone also. 
tts known effects on other rocks, M'hich come in contact with it, are also 
striking circumstances ; but as India possesses advantages over all other 
countries in the investigation of this subject, it would be premature in- 
deed to draw inferences before we are in possession of the facts, which 
alone will enable us to arrive at a satisfactory conclusion. The thickness 
of this formation we have it not in our power to obtain, as it is con- 
stantly variable ; in the centre of India, it occupies the summits of the 
highest mountains, and at Bombay, it descends to the level of the sea ; 
it reposes indiscriminately upon every rock, from granite upwards, and it 
is quite impossible to fix on any jiaverage : it is useful, however, to find 
out the rock, on which it reposes, and its inferiojf level in the tract under 
examination ; ^ thus, for instance, at Sagar, it reposes on satidslone, and 
its inferior line, in that district, is about 1,360 feet above the sea, and as 
this is alse the superior limit of lias, it follows, that the trap of Sugar is 
unequivocally posterior to sandstone, and may be either just previous 
to, or contemporaneous with, or posterior to lias, the latter of which, I 
apprehend, will be found to be the case. 

m 

There are two kinds of basaltic rocks in the district of Jepelpur, 
which are clearly distinct formations; the oldest variety is that which 
penetrates the graywaeke stratum in the bed of the ZVenwarfa river, near 
the village of Lamaita. This stratum^though not above .fifty yards thick, 
is intersected by innumerable green~stone veins and nodules, always run- 
ning in the direction ^ the strata, and as they do not occur in any of 
the adjoining formations, they must, I presume, be at least as old as 
that rock ; the other basalt is an overlying rock, like that of Sdgar, but 
it reposes on granite or gneiss, instead of sandstone, and appears to con- 
tain a greater proportion of augite. 
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The calcareous conglomerate must be classed, in point of time, at 
least with the tvfas, and other calcareous formations, such as common 
kankar, so prevalent in India : it is generally admitted, that these sub- 
stances have been deposited from water, in rapid motion, holding the 
matter in solution, and under circumstances unfavourable both to crystal- 
ization and regular deposition, and it has sometimes occurred to me, 
that tJic matter of which they are composed, may, in other countries, 
under more favourable circumstances, have been deposited in regular beds 
and strata, such us the oolitic formation of England ; and I am tlie more 
inclined to think so, from finding the lias stratum so thin ; also from its 
upper slat^ beds being in general wanting ; and further, from not having 
hitlierto discovered any traces of a regular oolitic, or any later regular 
formation. 

The groat extent of trap rocks, being nearly equal to a third of the 
area of the country^ and the absence of all regular formations posterior 
to lias, if future research should prove it to be the case, are undoubtedly 
remarkable features in the geology of India ; and I cannot help thinking 
that they may, hereafter, be the means of explaining some of the most 
important piiocnomcna in the science, provided the facts of tlie case arc 
well and justly ascertained. 


M 
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Barometrical observations made on the route from Mirzapur to 
Sugar, and thence to Teudakaira, and Jebelpur, with heights above the 
sea deduced tlierefrom, together with the Latitudes and Longitudes of 
the respective places. 


Date. 


Place. 

Bar. 

Tuer. 

Height. 

Latitiide 

Nuhth. 

Lii 

(NGITUDE 

East. 

1820 








0 

/ 

// 

o 

/ 

If 

November. 

21 

Lalganj, .... 

29 

56 

69 

504 

feet 

24 

1 

25 

82 

18 

25 


25 







24 

57 

20 

82 

14 

00 


26 

Kattra, .... 

29 

57 

70 

520 

feet 

21 

63 

20 

82 

6 

30 


27 

Hanmanna, . 

26 

79 

68 

1219 

J) 

24 

46 

15 

82 

4 

1.5 


2H 

Bilohi fall, . . 

28 

89 

08 

1128 


24 

48 

45 

81 

57 

15 


20 

Bouti full, . . 

29 

04 

71 

1000 


24 

40 

40 

81 

49 

20 


30 

Gcrh, 

29 

00 

71 

1036 


21 

49 

16 

81 

39 

50 

December 1 

^ 2 j 

Kciitifall, . . 

29 

12 

70 

923 


21 

49 

15 

81 

27 

00 



Phacliai fall, 

29 

05 

70 

900 


24 

48 

0 

HI 

17 

20 



f Tons fall, deduced I 




890 


21 

47 

15 

81 

15 

05 



1 from the same, . . j 













4 

Simeriali, 

29 

04 

72 

1009 

1 

V 

24 

48 

34 

HI 

8 

.55 


5 

Birsinlipur, 

29 

00 

76 

1064 


24 

48 

W 

80 

57 

20 


6 

Hatlii, 

2H 

99 

74 

1070 

>> 

24 

43 

18 

80 

49 

15 


7 

Sohawel, . . , 

29 

00 

73 

1059 

7» 

24 

31 

27 

80 

46 

40 


8 

Nagound, 

28 

97 

75 

1099 

jy 

24 

34 

21 

80 

35 

25 


9 

Girwar, . . . 

28 

85 

77 

121G 

» 

24 

33 

0 

80 

25 

30 


10 

Lolij»rgaon, 

28 

80 

75 

1251 

tf 

24 

31 

15 

80 

19 

00 


>» 

Ditto above Calcutta, . 

... 


— 

1231 

y» 








11 

Mehewa, 

28 

80 

72 

llHl 


21 

24 

20 

80 

7 

25 


12 

Tigra, 

28 

94 

70 

1093 


24 

18 

20 

79 

69 

05 


13 

Garre ho, 

28 

90 

71 

1131 

» 

24 

15 

38 

79 

49 

35 


11 

Hatta, 

28 

86 

74 

1183 

V 

24 

7 

45 

79 

35 

10 


15 

Narsiiihgerh, 

28 

71 

72 

1314 

ff 

24 

1 

08 

79 

24 

20 


1C 

Blkairi, 

1 28 

76 

70 

1263 

?> 

23 

53 

02 

79 

13 

10 


17 

Saipur, 

28 

67 

70 

1412 

jy 

23 

53 

15 

79 

2 

30 


18 

Pareneah, 

28 

34 

68 

1644 

y> 

23 

51 

30 

78 

56 

10 

19 to 31 I 

Sugar, (tent) 

28 

10 

77 

1933 

yy 









Ditto above Calcutta, 




1926 

yj 









Ditto Town, 



— 

1940 

yy 

23 

60 

30 

78 

44 

00 



Ditto Cantonments, . 

. . . 



1980 

yy 









Ditto Kesidcncy, . . . 



— 

2060 

»y 








1827 
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Date. Place. Bar. 

1827 

January 4 Jysinhna^ar, 28 00 

Morning .... 5 Garreali, 27 00 

Kveiiing .... 5 Tanclali, 28 10 

January 0 Ohaiio, 28 30 

Kveuing 6 Schajpur, 28 60 

7 to 10 Tendukaira, 28 70 

19 Dobi, 28 32 

21 (it. Dcori, 28 30 

22 Chaiidpiir, 28 46 

23 to 24 Gaia Kota, 28 60 

25 Hoilli, 28 00 

26 Katigir, 28 47 

27 Chandpiir, \i(io above, 

28 Gt. Dcori, vide above, 

29 KOsiaii, 28 47 

31 Bynsa, 28 67 

February . . I Samnaptir, 28 51 

2 Patteiiab, 28 67 

3 NatwaiJi 28 6.5 

4 to 10 Tt or, 28 64 

12 to IH Jcbelpiir, 28 60 

Ditto (.Cantonments, . . 

Ditto Uesidenc> , .... 

19 to 20 Pannagerh, 28 ,58 

21 to 22 Pouri, 28 62 

23 to 24 MaJgo^^a, 28 52 


Ther 

Height. 

Latitude 

North. 

Longitude 

Fast. 







0 

/ 

n 

tin 

1943 

feet 

23 

37 

12 

78 

33 

30 

71 

2091 

,, 

23 

SO 

17 

78 

39 

00 

61 

1851 


23 

23 

37 

78 

11 

to 

74 

1724 


23 

22 

55 

78 

19 

45 

71 

151.5 

SI 

23 

17 

50 

78 

53 

30 

75 

1338 

J? 

23 

10 

40 

78 

.58 

30 

7,5 

1704 


] 23 

17 

12 

79 

04 

55 

70 

170.5 


! 23 

24 

18 

79 

04 

50 

74 

1575 


23 

34 

21 

79 

06 

15 

67 

134.5 


23 

47 

25 

70 

07 

30 

66 

1350 


23 

38 

50 

79 

03 

45 

66 

1522 


23 

37 

45 

78 

66 

20 


79 

1584 

23 

23 

48 

79 

11 

55 

81 

1394 

23 

24 

38 

79 

20 

00 

79 

* 1546 

23 

19 

45 

79 

25 

00 

81 

1395 

23 

15 

35 

79 

34 

4.5 

81 

1426 

23 

10 

30 

79 

40 

20 

75 

1396 

23 

09 

20 

79 

51 

45 

81 

14.58 

23 

10 

40 

T9 

58 

15 


1470 








1500 







80 

1477 

23 

19 

15 

80 

02 

30 

76 

1423 

23 

23 

00 

80 

08 

.50 

84 

1550 

23 

24 

1.5 

80 

14 

30 


Note.— From tlu" 2-lth of I\-l(niary, and throughout the whole of the. month of March, and part of April, 
tin- weather was very unsettled, raining at intervals, and this unsettled state was followed by great heat in .May 
and June, which became excessive in the beginning of JiUy. The Thennometer at Tendukaira ranging from 120^ 
to 122° in the sun, and from 108° to 116° in the shade, which rendered Barometrical observations for height, too 
uncertain to bo relit'U upon. 
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The barometriciil observations of tlie accompanying table were in every case, not par- 
ticularised, derived from a mean of several during the day, and sometimes as at Sugar, 
Tendukaira, and Jebelpur, from a mean of several days ; the mercury of the barometer 
was taken out, the tube cleaned, and fresh mercury purified by Mr. Prinsop, of Benares, 
substituted at that place : after which it was compared with his barometer, and as a check 
upon it, I used a box barometer of Sir H. Englefield. 

It was constantly hung up in my tent, and the detached tliermomcter suspended in 
the shade in the open air, and I always waited, until the attached thermometer agreed with 
that which was detached, or in other words, until the (juicksilvor of the barometer had 
acquired the temperature of the air ; so that one tiiermometer was sufficient to register. 

My method of calculation is that of Dr. Hutton, checked, indeed, by that of Dr. Ro- 
binson, but never altered, because the results were nearly cqusd, and my point of reference, 
and comparison was a station of the grand trigonometrical survey at Sdgar, which is 2195 
feet above the level of the sea. 

I.ascertained by measuring a base line, that this station was 250 feet higher than the 
tent where my barometer was placed, and a mean of fourteen observations gave 1933 feet 
for its elevation above the sea according to Dr. Hutton’s method, 1 933 -f- 250=2 183, dif- 
fering only twelve feet from the geometrical result ; and as I have used the same barometer 
and the same mode of calculation throughout — if twelve feet be added to each of the items 
of the table, they will, I conclude, be nearer the truth, because 1 have greater confidence in 
the geometrical results, than in those of the barometer. 
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The stations of the trigonometrical survey, afford an excellent opportunity of compa- 
rison and check, and provided they are referred to at moderate intervals, it matters but 
little what formula of calculation is used, if it is constantly the same, as the results cannot 
greatly vary, if Uie barometer is also the same, and the observations are carefully made. 

The average height of the first range of hills between Tm-a pass and Kattra pass is 
about 520 feet above the sea ; that of the second range, between the Kattra pass and 
Lohargaon^ 1050, and between Lohargaon and the foot of the hills near Patteriya^ about 
1200 feet, gradually ascending. 

The average height of the highest parts of the third range, or Dandair hills, ascertain-- 
ed geometrically from Lohargaon^ Pigra^ and GarrrJin^ is about ItOO feel, and as they are 
the same, deduced barometrically at Samaspur and Pntteriya^ they arc evidently a plat- 
Ibrm, like the first and second ranges, varying only from a perfect level by the undulations 
Cesrribed in the account of them. 

The junction of the Sonar ^ Bearmiy and Km rivers, is about 1000 feet, ascertained from 
Jlgra and Garrelio ; the source of the Sonar j is 1950 feet, and its fall 050 feet in a course 
of 110 miles ; the source of the Bcanniy about 1700 leet, ascertained from Samasporcy and 
its fall to its junction witli the AVV/, 700 feet in 105 miles; the source and fall of the Kert 
river is nearly the same as the Bearmiy though its course to the point of junction is only 
seventy miles, but there is a cascade in this river at the Pipeviya Ghat. 

The highest line of lia$ limestone y is about 1350 feet, and the lowest near Hatyhiy 
about 1070. The lowest level of trap in the Sdgar district, is near Patteriyay about 1350 
feet, and its highest is tlic summit of the highest hills ; of sand-stoncy the highest level is in 
the vicinity of Sdgar or Raiseuy and its lowest the foot of the Tara pass ; but these local 
levels have reference only to the tract which has fallen under my observations, and by no 
means apply generally. 

The cantonments of Lohargaoiiy are about 1260 feet, those of Sagar, about 1980 feet, 
and those of about 1470. The Residency oljebelpury is about 1500, and that of 

Sdgavy about 2050 feet above the sea. 


N 
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The latitiules have all been observed by myself, chiefly from meridional altitudes of 
the sun, when available, and when not, from observations of the stars, taken with a good 
sextant, by the method of reflection ; the longitudes are from a large map of my own 
survey. 

With regard to the geological map, having previously surveyed a great portion of 
the tracts I may, with some confidence aflirni, that the topographical features are accurate, 
and so also are the outline delineations of trap and sandstone; the lias required a more 
minute survey than my time afforded : the outline of its extent is correct enough, but the 
sayidsUme collines, which protrude through it are, in a great measure, conjectural ; and the 
primitive strata are comprised under one distinctive colour, as it would have required minia- 
ture minuteness to have delineated them, under separate heads ; the strata of Beragerh^ for 
instance, comprise a series from g7iciss to dolomite in a space of two miles, and a delineation 
of them would have represented a ribband, with all the colours of the rainbow , rather than 
a geological arrangement iu a map of so small a scale. 
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THE TRAP FORMATION 

OF THE 


SAGAR DISTRICT, 


And of those Districts Westxi'(U'd of it, as far as Bhopalpur, on the 


Banks of the River Newas, in Omatwara, 


By C apt AIN S. COULTHARD, 


Of the Bengal Artillery, 


A (lENEUAi. idea of the number of sand-stone hills, rising through the 
trap formation of the district about to be described, may be formed from 
the number of villages ; for, although a few villages may be seen, situ- 
ated on the slopes of trap hills, the natives, as far as possible, have 
avoided placing their habitations on rocks of this formation, and there 
being fully as many sand-stone hills, without villages, as trap with them, 
it may safely be said, that there are as many isolated patches of sand- 
stone in these districts, as there are villages. 

At Panchamnagar and Satpdrak, places marked in the accompanying 
sketch, there is the lias, and about nine miles west of those places, or at 
Sanwa, the trap and sand-stone. The same may be said of Pattarhja 

and 
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and GaraJcola, on the right hand, and S/mJipur, one march on the left, 
or westward ; and then, if a line be drawn between these places as res- 
pectively mentioned, leaving the nameless rivulet as it occurs between 
Shah^tr and Pattantja. in the lias, and also continue this line south- 
ward to the red sand-stone hill, which overhangs 'Tendukaira, in the 
vale of the Peon, there will be a tolerably correct eastern boundary 
given to the trap formation of Sugar. 

The vale of the Peori is of an older formation, than either the lias 
of the Hattah district, or the sand-stone subjacent to tho trap of Sugar. 

That red rock, which has been alluded to as skirting the Peori, 
near Tendukaira, has its accompanying trap hills, and these, in their 
general direction, bend their course to Hasanabad; indeed at Sir mow, ox 
soon after passing south of that place, the road from Sugar to Hasanabad, 
descends thi'^ trap range, and afterwards continues at their feet, on 
the south side, the whole distance to Hasanabad. Let it bo added to 
this, that the road for fifteen miles south of Hasanabad, oi- as far as 
Petraotah, is on the alluvial matter of the JSermada, a deep black basal- 
tic mould, and that at Petraotah, a hilly country again occurs, consist- 
ing of primary rocks, contingent on the granite of Shahpur, Nimpani, 
and liitul, and then there is a definite bounding line on the south. 

If the cantonment of Bhopalpur, on the right bank of the river 
ISewas, be taken as a point, and a line be drawn from that point to the 
Nermada, so as to pass between Sultanpur and Pewas, such line Mill 
cut through the eastern part of the trap formation, described by Captain 
Dangerfield, as that officer marks both those places in his sketch ; in- 
deed, that which is under description by me, is a mere continuation to 
the eastward of the newest floetz trap formation, named by that officer, as 
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occurring in the upper plain® of Mahva, or to epeak etilj q^ore eorrectly 
as to direction, it is a shoot up north-eastward from it- 

With regard to the northern line of demarcation, I cannot be so sa- 
tisfactory and clear. If a line be drawn from BhopaJpur to Seronj, it 
will pass through the formation, under review, but as to how far this form- 
ation extends north .of such a line, I have no precise information. The 
Maltovn pass is of sand-stone, and I believe this rock ends some- 
where between the crest of the pass and the village of Ndret, not far 
removed from its northern foot. The granite is at 7\'ri. An iron ore 
is worked to a considerable extent at a spot intermediate between 
Dhamuni and Marowra; DhamM has the trap and sand-stone; and 
the trap ceases five miles and a half south pf Jiirapw', whilst the bare 
sand-stone, freed from any overlying mass, continues until it may be 
seen resting on matter incident to the primary rocks, at Hirapur, and 
where, too, it ceases entirely. Nearly in this direction will be the 
northern limit of the trap formation, as laid down in the accompanying 
sketch, but much confidence is not to be placed in it ; the boundaries, 
however, to the east, west, and south, may he offered as sufficiently 
accurate. 

It is eighty-four miles from Bhopalpur to Bhiha, and seventy-two 
from Bhilsa to Sugar, and twenty more bring us to Sftahpur; and this 
line, though not a straight line, is sufficient to give a general idea of 
longitudinal extent. Hirapur, in the northern quarter, cannot be less 
than seventy miles distant from the southern boundary, given to the 
sketch ; and the whole of this extensive area is occupied by the newest 
floetz trap formation of Werneb, subjacent to which is the new red 
sand-stone, shooting up frequently from below through the overlying 
rock. 


o 
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It is a hilly tract throughout ; but it may be better understood if it 
be said, that at Sdgar, in its neighbourhood for eight or ten miles around, 
and also in every part south of Sdgar, within the prescribed limits, and 
as far west as Hasambad, may be seen ranges of low hills extremely 
clustered, though always detached, bending about in their short course 
towards all points of the compass, and thus forming valleys ot every con- 
ceivable form, though not commonly of any great extent, and never dif- 
ficult of access. But if the view be extended beyond the neighbourhood 
o( Sugar, towards the east, or the west, or the north, expanded valleys will 
gradually meet the eye, whilst the hills recede from it sinking in the hori- 
zon as they surround valleys farther removed from Sugar, until these 
valleys are enlarged into extensive undulating plains, studded over with 
isolated trap hills, occasionally of a conical, commonly of no determinate 
form, whilst ever and anon, a short range of the same, deviating little from 
a straight line, will have its beginning, and its ending, within view . 

These valleys and these extended open plains, are every where com- 
posed, near the surface at least, of a trappean or basaltic mould, blackish 
in color, which reposes either on a bed of basalt, or on a bed ol compact 
wacken. This compact basalt, or compact wacken, is either of an uniform 
ovate form, or else it is in angular pieces of middling size, and underneath 
these, as their occurrence may respectively be, lies an amygdaloid decom- 
posing and decomposed, and which, as a retentive clay, keeps up the 
water near the surface, and it is so met with throughout this tract. 

As to the trap hills, there is no occurrence of a bold bluff escarpment 
belonging to them, their sides and ends are always sloping and rounded, 
and, as far as the angle subtended from the summit is concerned, of easy 
ascent. Their surfaces are thickly strewed over with masses of basalt 
or wacken, imbedded in a basaltic or wacke clay, and differing only in size 

and 
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and form in different places, in a trilling degree. From one hundred and 
twenty to one hundred and fifty feet above the edge of the contiguous vale, 
may be said to be the general height of those that rise above the rank of 
swells and knolls, whilst a hummock, a cone, or something of a truncated 
cone, occurring in their otherwise even outline, and which serve to cha- 
racterise them from their sand-stone companions, partially increases the 
elevation. < 

The sand-stone rock is very prevalent, as a mere mound or rise, con- 
stantly having a village upon it, and situated often on the plain ground, 
oftener on the edge of the plain ground, with a trap hill partly resting on 
it. In particular parts of the country, however, ranges of sand-stone hills 
occur, equalling, though never exceeding, in height amd extent of range, 
those of the trap, whilst they are to be easily distinguished from them by 
their general evenness of outline ; by their having vertical or precipitous 
escarpments at their ends, and on their sides to within twenty or thirty 
feet of the top ; by the fallen masles lying about ; by often sharply-de- 
fined, castellated, and mural appearances on their summits, and, in short, 
are to be distinguished by all that which has been remarked of them as 
exclusive, when occurring in other countries. They never appear inter- 
stratified with any other mineral, when they occur in the tract of coun- 
try under review. 

And these swells and hills of sand-stone and of trap, most particularly 
the former, may often be observed ster^e and bare, shewing nothing but 
some coarse grass during the season of Uie rains, which gives to them, at 
that time, a tinge of green ; but the vast majority of them are ever thickly 
cloathed with vegetation, consisting of plants, and shrubs, and forest trees 
of stunted growth, in particulars only differing from tliose of constant and 
every-where occurrence in India, and which have often been numbered 

and 
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and described. And lastly, the dat and compressed surfaces of both kinds 
of hill, are often of considerable breadth, and on the summits of the trap 
hills, not those of the sand-stone, more especially in the angnlar parts 
of the trap hills, as they bend about, may be seen a patch or cultivated 
spot. 

With regard to the general level of this land above the sea, I may 
observe that there is a peak shooting up from a trap range to the eastward 
of JRaisen, which attains an elevation of something more than 2500 feet; 
but the hills of Raisen are much less, so also is the sand-stone range of 
hills on the north bank of the Nermadd at Hasanabad. Sugar, upon the 
whole, is the highest part in tliis tract. The centre of the cantonments 
at Sugar is 1983 fe^t above the level of the sea by the barometer, and the 
hill at the mint of Sugar, which is about a mile from the last named point, 
is somctliing more than 2300 feet by trigonometrical calculation. 1 have 
before remarked, that and its neighbomrhood is a confined hilly tract, 

and that towards the east,' and the we^,and the north, this country opens ; 
and it is, in fact, taking Sugar a radiating point, in those directions that 
the land opens that the general elevation of it above the sea decreases ; — 
but not so much westward or towards RhopaJpxer, as the general elevation 
of the upper plains of Malwa, is 1650 feet, and Omatwara, in which Jiho- 
palpur is situated, belongs to those plains ; — ^neither is it so much towards 
the lower lias formation of the Hattah and Garakota district, or eastward, 
because the elevations there are, in general, about 1500 feet. It is in tlie nor- 
thern quarters that the principal, and a rapid diminution in height is to be 
observed, for the ifcfo&oaa pass, nearly due north of Sugar, and six and thirty 
miles distant, is only 1000 feet above the level of the sea, by trigonometri- 
cal calculation ; — Seronj, to the westward of north from the same place, is 
800, and Htrupwr, to the eastward of north, between 1000 and 1 100 feet, 
by the same calculation. From all this it is to be inferred, that the elevation 

about 
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about the eeittral point of S&gar is from 1800 to 2500 feet, and that in 
a northerly direction the land declines considerably, x^and much more in 
that direction than it does towards the east or towards the west. In addi* 
tion, if it be observed that the primitive range skirting the alluvium of the 
Nermada, south of Hasanabad, was fqjiind to be on a general equality as 
to heighth, with the trap and sand-stone rocks of iS'4g’ar, whilst the granite 
range of Bundelkhand, on the northern limits, is at least 1000 feet lower than 
those rocks of Sdgar, a point nearly midway between the two-named pri- 
mitive ranges, all is said, it is hoped, that need be, to assist the idea as 
to what is the general elevation above the level of the sea of the trap and 
sand-stone under review. 

There exists so strong a famfly likeness between all the%ap rocks of 

this formation, that it may saiely be said, was chemical analysis resorted 

> 

to, a nearly similar result would, in almost every case, be obtained. It 
is always every where an earthy homogeneous deposit, by which is to be 
inferred that the4fcloea not occur in it any rock of a definite, or nearly 
approaching to a definite, crystalline structure : neither a coarse-grained 
basalt will be found, nor a syenite, nor a green-stone, shewing distinctly 
its constituent simple minerals, nor is there indeed either a clink-stone or 
clay-stone. It appiSars as a closely allied family of basalts of a very fine 
grain, of wackens and amygdaloids, all others, of the long list of trappean 
rocks, may be thrown out of consideration, as of no alliance and of no 
occurrence here. 

* 

No. 1. — Of the few varieties there is one basalt which has been said* 
to be similar to the Rowley Rag, and it certainly does agree very closely 

with 

* By Dr. Vottsey, I believe. 
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with the description given of that mineral. Its colotir is greyish*black, 
-its lustre is slightly glimmering, and,it has a flat conchoidal fracture, 
and is diflicultly frangible. It is not here the rock of most common 
occurrence, but I name it first, and marked it No. 1, because it is the 
hardest. It does not rise above 1|ie surface, but occurs in beds where 
the masses are of an uniform, egg-shaped figure, perhaps a foot and a 
half in their longest diameter, or it occurs in beds, where the masses are 
angular pieces, or cubes disfigured, not much exceeding a foot in mea- 
surement any way, and closely set together without cement.— It seems 
to be little liable to external decomposition, and its surface, whicli is 
smooth and cntii-e, is coloured a yellowish white. 

No. 2.— There is another ba|alt differing little from the last, except 
that it, has not the same tenacity, and its colour is soot black. It occurs 
only in angular pieces. I mark it No. 2. 

No. 3.— Is another in colour like the last, but stiAoftcr, and which 
splits, with a moderate blow, at natural joints, into small four-sided prism.^, 
coated with a blueish coating, like that often seen on newly wrought iron. 
— It is in the mass amorphous. 

% 

No. 4.~l8 a five-sided prism. When the bed of a rivulet or river h 
composed of angular pieces of basalt or wacken set together ip a pave- 
ment-like form, the surfaces exposed to the double effects of intense heat 
and moisture, will appear cracked into a variety of prismatic forms, and 
occasionally it will appear such as No. 4. 

All these rocks seem to be, though not wholly,' yet essentially com- 
posed of an intimate mixture of felspar and hornblende in an earthy state ; 
and the latter, or hornblende, is the mineral that characterises all the harder 

* kinds. 
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kinds, whether compact or amygdaloidal, whether they are basalts or 
wackens, for their colour is black, or black only slightly modified : — The 
structure is always massive,«^a laminated specimen could not be obtained. 

But the principal rock, throughout this formation, is that represented 
by No. 5. It is what' is termed a compact indurated wacken, in colour 
black, with a very distinct brownish tiug^. When first fractured, its sur- 
face has a much more glimmering appearance, than the basalt, but unlike 
the basalt, exposure to^the atmosphere, soon changes its surface into an 
earthy dirty whitish colour. It is often "^ery tough, very refractory under 
the hummer, but its fracture is flat and dull, — not sharp and splintery, or 
approaching to the conchoidal. It occurs in pieces, in length, breadth, 
and depth, pretty nearly the same, a foot in measurement, and which are 
set closely together, so as to form something like a stratum in the hills,- - 
or in the vallies as the base of the basaltic mould; and it is also the pre- 
dominating variety in those hills, which are of such constant and general 
occurrence, consulting of large rounded and angular masses, thrown up to- 
gether in the utmost confusion, with very little clayey matter intermixed; 

and lastly, it may often be seen abstracted and alone, in something like 
large uniformly ovate masses, having a brownish and wrinkled exterior, 
and imbedded in .a sombre reddish brown clay No. 5, is taken from a hill 
of the last kind. 

No. d will exemplify the same where set as a stratum. 

No. 7 is also the same kind of wacken, but it is decomposing with a 
nucleus of undecomposed black matter, and the superficial and decom- 
posing part is a light yellowish brown; — further stages of decomposition 
might easily have been shewn to where the whole matter is changed to a 
greyish colour, and chips off into fragments like pieces of a small bomb- 

' shell, 
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shell, or to where the whole mass is notiiing but a soft easily workable 
clay, shewing however still the curved lamellar structure, and what it once' 
roust have been. 

No. 6 has an aspect much resembling basalt properly so called, but 
its fracture is flat and sluggish. 

Vi 

A cellular, or honey-comb mass, will often occur intermixed with any 
of the foregoing,— the cells of which are externally empty, and internally 
filled with powdery whitish oxifte of iron, which immediately falls out 
when the stone is fractured, such is No. 9. 

No. 10 is wacken, with much olivine interspersed. 

And No. 1 1 has something of green earth, and something of olivine in 
specks and splashes. 

No. Id has rather more of a blueish grey than a black caste, probably 
from the felspar rather exceeding its i|suid proportions. 

It is much to be wished that the term basalt could be extended so as 
to include all those rocks named wackens for although there is some 
slight diversity of fracture and frangibility, and some little variation in 
colour, yet a difference in name seems, quite uncalled far in regard to them 
and only calculated to mislead.—- However thus much may be said, that 
those rocks in this list named, basalt, are stnetty compact,— no casual 
mineral will be found, imbedded,-— whereas the wackens on other hand, 
whilst they are sufheiently compaet to exclude any other term than com- 
pact, are seldom quite entirely so. An accidental mineral of the kinds 
incident to amygdaloids, may almost always be detected in them, and this 

too, 
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too, together with the similarity of paste, serves to connect them with 
these amygdaloidal varieties, which, as elsewhere, in trap formations, 
here most commonly occupy the lower positions. 

t 

No. 13 is an amygdaloid which has been thought to resemble the 
toadstone of England. It has a black homogeneous paste containing 
chalcedonies, calcareous spar, and green earth. The former are often 
geodes coated externally with calcareous spar, and internally lined with 
minute crystals of quartz with calcareous sj)ar filling \ip the cavity. 
Where green earth occurs in the same cell with siliceous crystals, the lat- 
ter appear in a decaying state. The size of these imbedded portions do 
not, in general, exceed a nutmeg, although the chalcedonic geodes, &c. arc 
sometimes a little elongated to tiie extent of three or four inches, and their 
sides are compressed. 

No. 14 has the same paste as the former, though softer, and e.xcept- 
ing green earth, has the same imbedded minerals; and when these are of 
a moderate and usual size, very pretty specimens of the whole rock are 
afforded, but in general this variety of amygdaloid envelopes very large 
sized portions; — a cylindrical geode of amethystine quartz was found 
measuring thirteen inches in length by two and a half inches in diameter. 
It was coated internally with beautiful quartz crystals, with calcareous spar, 
as stated in the previous specimert, filling up the cavity, and this mineral 
also coated the geode externally, and was seen much in splashes in the 
paste proximate to the cell. As regards these amygdaloids, it would seem in 
proportion as the contained mineral is large, so is the containing matter soft 
and friable, though still retaining its colour, a black, when fresh fractured. 

No. 15.-*-Paste as before enveloping green earth, chalcedonies, and 
zeolites, the latter predominating. 
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No. 10. — Has a paste of a bliieish grey colour, and appears almost 
completely saturated with calcareous spar ; though nxuch softer than any 
of those previously mentioned, it possesses greater induration than Nos. 
17 and 18. • 

No. 19. — Is an amygdaloidal mass, consisting of innumerable pea- 
form nodules of culcareous spar, cemented together by a thin cement of 
basaltic or wacke clay of a light colour. 

No. 20. — Is fully engrossed by minute crystals of zeolite, excluding 
from the paste any other mineral. 

No other trap rocks, than those I havo mentioned, arc here of obvious 
and constant occurrence, at least if any other varieties exist I saw them 
not. — ^With regard to the simple minerals contained, calcareotis spar is the 
most abundant, green earth, chalcedony, and quartz, are also very preva- 
lent, but the zeolite mineraLs may be quoted as scarce. Well defined 
jasper is rarely seen, but something above an iudulated clay, whatina> be 
termed semi-formed jasper, is of constant occurrence, so is horns tone ; and 
both these last arc to be found independant, but they are more generally 
lying contiguous to the limestone from which they are derived. The 
iron clay so easy to be met with every where, would hardly ever satisfy 
the mineralogist, for it is for the most part amygdaloidal, and not a simple 
mineral- It sometimes rises to the rank of a poor earthy red ore, and it 
is as such worked near harseah, near Raism, and at the source of the 
jyasaon, See. Olivine throughout is every common, — but I have never 
procured either a crystal of hornblende or of augitc. 

But to the trap, not to the sandstone, belongs a hard white earthy 
limestone, harsh and gritty to the feel on the fresh fracture, and in which, 

rather 
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rather Bparinj^ly, are imbedded small rounded particles of calcareous 
spar of a yellow colour, 1 1 belongs to the trap, and it is, moreover, ever 
attendant upon it throughout its range. Near the surface, or whore it is 
in immediate conjunction with other matter, it may be found varying iu 
colour and varying in the <|uantity of spathose matter. Very frequently, it 
will be of an ash colour, and the spathose particles, which are white and 
thickly set, forms the majority of the mass. Other specimens are red- 
dish, brick red, deep chocolate, or brownish black; — others again might 
he produced, of which it would be difficult to say whether they were 
limestones or amygdaloids; — ^but always in proportion as it is coloured so 
is it the more clayey, gritty and impure. — -more affected by foreign matter 
than that substance, which I have described, as the principal and charac- 
teristic rock. 

This limestone rock is never found in the valleys, it is confined to 
the hills, and low swells, and generally forms the basement stratum in 
them, ascending somewhat above the IctcI of the contiguous valleys. A 
stratum of this kind, is always sufficiently obvious in a hill possessing it ; 
for along its sides, or at the ends, cither a white patch mouldering by the 
weather immediately catches the eye, — or large rolled and angular pieces 
stand about, of a greyish colour, and very discernible from the blacker 
trap ; though the continual line of the stratum, where it juts out to day, is 
not easily to.be distinguished, the knobs, and exposed^parts being gene- 
rally covered with a blackish crust, and also intermixed with masses of 
indurated trap, and other more earthy matter, debris of the same, slid 
down from above. A white patch of this limestone, mouldering by the 
weather, is the source, from whence comes the particles of Jcmiker, femnd 
intermixed with the black basaltic earth of the neighbouring valley, in 
such proportion, as to add increased fertility to it; and if' a rivulet mean- 
ders through that valley, and sucli is generally the fact, patches made up 

of 
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of aggregated particles of the same, will here and tliere be found, and this 
it is which the native families pick out and work into lime. Where the grey 
coloured, large, rolled, and angular masses occur, there it is that a hornstone 
and jasper is to be found, though not both together in the same spot. The 
introduction of silica is of course the cause of the wholeness, and indura- 
tion of those masses, which easily effervesce, but endless gradations are 
to be seen between these, and the two other minerals just named. If in- 
durated clay, and semi-formed jasper are the derivations, the colour of 
these will, for the most part, lu* deep yellow; if green eai’th is thc^ consti- 
tuent of a neighbouring amygdaloid, the specimens will offer two colours, 
green and yellow, or yellow freckled with green. The hornstone varies 
much, from deep chocolate to straw yellow, from flesh coloured to nearly 
white. The flesh coloured hornstone, or chert, and the specimens sliewing 
the lime-stone passing into this flesh coloured hornstone, or chert, found 
at Bapylc, about seven miles westward of Sugar, resemble exactly the 
same substances brought from the lias of the Jiattah district, or eastward 
of Sugar; and this, together with the yellow fragments of lime-stone, of a 
tooth-like form, and somewhat dendritic aspect, also found at Jiapi/le, as 
well as elsewhere, is the fact that has much tended to increase the iilea 
that the lime-stone of the trap of Sdgar, and districts adjacent, is the 
lower lias half calcined, and disguised by the trap. 

Some specimen^ of that which I have called the characteristic lime- 
stone will not efiervesce at all, whilst others do so, but very weakly ; but 
still oftener the acids take effect with sufficient briskness. Often (he 
stratum of lime-stone is broader than the trap, which reposes upon it, and 
upon the mounds, and swells of lime-stone at the foot of the hills, occa- 
sionally will, be found, a spot solely occupied by innumerable small frag- 
ments of spathose matter. These fragments are of a striated and radiat- 
ed structure, and appear as if they had been purposely broken by the 

hand, 



THE SAGAR DISTRICT. 


01 


hand, and clustered together to the exclusion of any other matter ; how- 
ever, it must be added, that some specimens of this species of fepath are 
seldom wanting wherever the lime-stone rises to day, indeed the crys- 
talized matter of this formation, when not imbedded in other substances, 
seems mostly to present itself with either a tibrous, striated, or radiated 
structure, and it is in its nature not pure and translucent. 

A calcareous cement in these trap rallies, and near a streamlet, is of- 
ten found forming trap tuft’, that is, found Uniting small pisi-form speci- 
mens of’ all the rocks, incident to this tract, into a mass, or bed of some*- 
times considerable induration, the surface of which will attract the eye 
by its msty iron brown aspect, and its sterility. 

It remains for me to describe the sand-stone underlying»the trap, and 
so very often rising up tlirough it, in the shape of hills, and swells. It is 
in no instance, tlmt I have seen, inlerstratified with any other rock. Red 
marl, or clay, is sometimes to be seen alternating with it, in thin streaks, 
resembling the same rock under the lias of Hutta, &c. Galls of clay, or 
lithomarge, may frequently be found imbedded ; and as to its colors what 
elsewhere has been said of the same rocks in this regard occurs here, 
namely, they vary from a dark chesnut or chocolate, through red, reddish 
and salmon coloured, to nearly white and white. Massive kinds often 
shew two colors, — seldom more than two, and these two colors are a grey- 
ish white, ||id a deep chocolate, or it is a deep chocolate speckled with 
white spots. The slaty varieties, on the other hand, are exliibited cloud- 
ed, streaked transverse to the structure, zoned, gi:een, brown, red, ochre 
yellow, orange yellow, &c. &.c., are, in fact, seldom exhibited, otherwise 
than with much diversity of shade and color, except perhaps a green va- 
riety. These slaty kinds are extremely micaceous, and the colors in the 
streaked varieties above alluded to, change at the line of clea\’age ; nad 

R lastly 
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lastly, the eye never perceives any inclination worth mentioning, or va- 
riation fr8m the horizontal position, either where viewed in the whole 
alluding to their general air and look, or when viewed in any part as re- 
gards the constituent, angular and tabular masses of these sand-stone 
rocks. All this leads to the decision, that the rock in question is the new 
red sand-stone, and the lower' division of that formation as defined by 
Macculi^ock, otherwise the principal compact rock is by no means so 
tender as to be unfit for economical purposes. On the contrary, it is a hard, 
glassy, splintery substance, evidently composed of line grains of sand held 
together by a solution of silica, and assuredly not a free working* stone, 
though it is squarred with some difficulty, and failure, into appropriate mass- 
es, and every where used as the common building material. V arieties of less 
frequent occurrence, aud difi'ering little from the principal rock, except in 
beihg somewhat softer, are hewn for the architectural purposes of the 
small temples of worship, and chisselled to produce alto relievo represen- 
tations of the various Deities, &c. , 

The trap mantles round at the feet of all these sand-stone hills, and 
renders them isolated as far as regards the surface of the land. The an- 
gular massds composing the hills, differ much in measurement, whilst they 
are set together very closely in a horizontal position ; or if any remarkable 
interval exists between the masses, where the vertical separation occurs, it 
is generally empty, no clayj no debris, nothing will be found. The massive 
bi-colouredblocks a¥e not confined to any particular spots, then are casual 
every where ; and the same is’to be said of the slaty species, for a nest 
of 'this latter will now and then be seen with an immense mass of the 
common characteristic massive kind resting upon it ; though at Masw&st, 
Satgerh, Oa^pur, BiUay and NariMgher, there would appear to be a 
continued Stratum, occupying a place in the whole line of the hill, at 
each of these places. Often at the ends of the hills, there is a bluff 

ragged 



THE SAGAR DISTRICT. 


aa 

ragged perpendicular escarpmeut, and of course the lock ia exposed from 
the base to the summit. Oftener there ia a very easy slope, both the 
ends and along the sides from the edge of tlte trap, that is tbe< base of 
the hill, to within twenty or thirty feet of the top from this the rock, 
continues upwards precipitous and rugged, and the crest is gained onljR, 
after difficulty and search for particular points.-, The matter that gives 
the slopes described, is merely and exclusively the debris of tlie parent ' 
rock ; and the vegetation, which clothes the surface, springs up be- 
tween the fragments, time and the elements having worn off matter from 
those fragments, and so generated something of a soil beneath them. , 

1 might Iiave mentioned before that the principal quartzose sand- 
stone, that which I have described, when first fractured, and brought from 
the quarry, is of a beautiful sky blue, which soon by exposure turns to 
such as the specimens shew it, a salmon color or flesh color, or slight mo- 
difications of these. The slates of Satgerhy if they split off less than two 
inches and a half thick, are too friable and are thrown aside as waste. 
Some of tlie quarries are already abandoned, and the whole appear to have 
been commenced about half way up the hill, on the crest of the more slop- 
ing part, at the eastern end, and thence along both sides, to some distance. 
A slow fire of stout sticks of green-wood, is placed on the inner side of 
the table worked, which at length cracks it down afiout a foot, and as a 
whole, it is then tapped into parts of the required length and breadth for 
paving, evgs of houses, &c. It is the slates of Maswa^ that answer for 
roofing, these are generally something better than half an inch thick, and 
they are flexible, that is to say, the effects of the sun warp them, so much 
so, that if put on with a cement, they cr'ack.and break. Finally I may 
add, that a thin covering of refuse and st^ey stuff, crowns the summit, 
resting upon table-shaped pieces, which repose on larger cubic masses, 
and thus far downwards the aspect of the whole is bare, rugged, and eitlier 

perpendicular, 
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perpendicular, oroverhauging at the sides and ends of the hill. To the cubit; 
masses succeed a stratum of slate, after which again the massive in large 
blocks ; both these covered by the debris, which 1 have spoken of, as form- 
ing an easy slope to the sides and ends of the hills, easy as to the length, 
but of troublesome ascent, because of the looseness of the component ma- 
terial. Such is the hill of surrounded on all sides by the trap, 

and such too is the predicament of every sand-stouc hill, throughout this 
trap formation, with exception to a continuous stratum of slate, which of 
course is comparatively of infrequent occurrence, though small nests, or 
patches of it will always be found in almost every sand-stone hill exhi- 
bited through the trap. 

r 4 

A conglomerate or breccia, having an argillo calcareous paste, colour- 
ed red by the oxide of iron, and enveloping angular pieces of various sizes 
of the proximate rock, will often be found at the feet of these isolated 
' sand-stone hills if a streamlet winds its course near; or there will be at 
such points, pudding-stones, and breccias, varying in color and aspect 
from this described, and occasionally too in having an argillo siliceous 
instead of a calcareous paste ; but neither these nor that just described, 
are of any geological importance whatever, and the same may be said of 
the trap tuff. 

Whether a well be sunk in the trap, or the sand-stone, the water is 
always found at a very easy distance. It may often be come upon, even dur- 
ing the dry season, within three feet of the surface in the vallies ; some- 
times it will be so low as twenty-five feet, whilst the medium is about 
twelve, and from that to fifteen. *It is the toad-stone that limits the depth 
if the well be excavated in the tiap; — the sdnd-stone is of itself sufficient- 
ly (ionsolated and retentive if the shaft has been sunk in it. If the edge 
of a hill or swell is pierced, of course the vertical height of such swell or 

hill 
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hill must be added to the measurement just given, for instance the “ well 
on the edge of the hill at the mint of Sdgar. 

The surface of the slope, where tliis well was opened, wa# thickly 
strewed with large black wacken boulders, and these continued for some 
little depth below the surface, enveloped in a dark reddish rusty ferruginous 
wacke clay, succeeded by a bed, ten or twelve feet thick, of large angular 
pieces of a deep chocolate coloured basaltic homstone, underlied by a bed 
of yellow clay, which yellow clay or lithomarge formed indeed, a sort of 
coating or lacing to the superincumbent homstone. To .these followed a 
stratum of limestone, similar to ,that of the cantonment wells of 
resting upon the softer amygdaloids, which I have numbered : in these 
amygdaloids the water presented itself at a distance of foyty-seven feet 
from the surface. 

>U. 

» • 

The following are the strata met with in a well in, the cantonment of 
S&gar on a swell of trap. 

F. In. 

Rubbish and soil, .... 1.6 

Indurated wacken in angular pieces of uniform ayyangemeut, 10 6 

Wacke changed by calcination into a species of puz^^alana, 1 0 

A thin black streak (rather remarkable) a vegetable deposit, 1 
changed by calcination, so as to, disintegrate and .t0^piece,s.y 0 3^ 
in water, ...... ..... .... 

A white, hard, earthy liinestODe,;Som!^tW^'^^^^vescing week- 
ly with, acids, sometimes not at all ; small yellpw. speaks of cal- 
careous spar are seen in it, and occasionally a enneretinn of a 
purplish grey, colour occurs, violently affected by dilute -muriatic 


acid, .... . . . . j 

s Wacken 
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F. In. 

Wacken with fibrous carbonate of lime and ditto in veins with ) 7 q 

calcedony, ^ .... 

An ^ygdaloidal wacken similar to the toadstone of England, 6 0 

Total to the water, 49 3^^ 


The diflerence in depth that occurs in the vallies, before the water is 
attained, arises from the form of the rallies l^ing always concave, and the 
basaltic black mould deepest in the central parts. The soil, whatever is 
its occurring thickness, must be pierced, and also the indurated wacken 
or basalt, which ever it may be, and then the water is found resting on 
wacke’ clay or amygdaloid. — The sand-stone keeps up the water even to 
a higher level than the aniygdaloids of the vallies ; — and the occurrence 

of either of these rocks forms all the phenomena of water in these districts. 

♦ 

Proceeding from the centre of the cantonments of Sdirar, and travel- 
ing westward, you descend and cross the flat, which is the general parad- 
ing ground, and at its confines, you come to a small isolated rise of sand- 
stone on your right, on which is built a busah gq,down and a bungalow, 
and on the left a ridge, a branch from the. sand- stone forming the basin of the 
Sugar kike ; passing the town, and a littlebeyond the wall on the western 
side, a rivulet is crossed; then the road leads by a gentle ascent for 
two miles, to a low swell of trap, through a gorge or opening in which you 
enter the valley of JBapple, and find a trap range close on your left,iand 
one of sand-stone On your right, five or six hundred yards ifemovcd, form- 
iijgthe southern and,northem sides of the valley. This valley is the prac- 
tice ground of the Artillery, and must be at least three miles. in length. 
At the western extremity another range of sand-stone occurs, either end of 

which 
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which range is within view, though it is elongated N.and S. to some little 
extent. A high nigged romantic hummock, capped, in a picturesque, 
manner, with a disproportioned mass resembling a rocking-stone, is joint- 
ed by a low neck to the main sand*stone range here, and partly on the de- 
clivity of the main sand-stone, and partly on the low neck is situated the 
village of Bapyk; opposite the hummock, only separated by a little 
broader space than is occupied by the intervening road, thetrap range, 
the southern boundary of the valley, comes to a point, where is seen the 
lime-stone, and the desh coloured cherty matter, forming a belt rornid the 
base of the hill, and lying abopt in large whitish ami greyish masses. — 
The trap range does not expire at this, point, it mer^y, insteati of conti- 
nuing as it had done heretofore in an east and west direction,, .lurns sud- 
denly to the south, and sweeping round to th« west again, fonns by so 
doing another large valley, along the northern side of which you proceed 
on the route after leaving Bapyle, The river J)4Mon is crossed at S^wrah, 
thirteen miles from Sugar, and then Q&mhartah, another village occure, 
the whole way being on the trap, and the road at a little distance from 
the trap and sand-stone hills, until at length you gradually ascend the 
sand-stone hill oiRalgher, twenty six miles {tQm:S&gat\ — ThishiU is wedge- 
shaped, lengthened out east, and west, and at the west end the fort is placed 
on the brink of a high perpendicular cliff, at the base of which cliff flows 
the Btm towards the north. Tp eross* the Bmti you descend the ridge 

* * ij’ 

of sand-stone before you reach the fort* turn out of the village down to 
the right, or northwards into }ow, groimd. VThe ford of the stream 
is filled with large masses of s^gd-stoue, and, is to the traveUer, par- 
ticularly at night, very troublesome to ,pa8S.-r-4iftar gainingj|^west bank 
fourteen miles over an dndulating tract, having.lt gentle ascent, .brings 
you to Bagrode, where commences a .trap rajjtge on the ereat of which 
you proceed to within three miles oi .€rarspur. During this course, you 
see to your right a very dkteusive plain, studded over with trap, and 

' sand-stone 
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sand-stone hills of various forms and aspects, and among these the remark- 
able sand-stone hill of Ttonda, ^ith its summit presenting the appear- 
ance of a hill fort wall, with its buildings within.' The route by Teonda 
from Ratgh^' to Bilsa is often taken for wheel carriages, to avoid the 
pass of Gar^pur. This pgss, the summit of which is about three miles 
from Garspur, occurs in consequence of the road descending the southern 
side of the chain, the crest of which it had hitherto occupied in an east 
and west direction. The chain too here becomes forked, one limb stretch- 
ing south west in a straight line, though not with perfect continuity of 
existence, to near JRaiaen, the otlier proceeding directly west to tlie Betwa. 
In the angle thus formed the road descends diagonally, and is extreme- 
ly rough, ^ It is covered, from the highest part to the lowest, with large 
globular and angular masses of compact and amygdaloidal indurated 
wacken, of a black colour, whilst the enveloping clays, in some parts 
of the line of descent, ap|||ar yellow, in others a dirty reddish brown ; and 
there likewise ocqur at least two strata of the characteristic hard white 
lime-stone, the one rather above the centre, the other near the bottom. 
At the bottom or base of the hill there are collected innumerable masses 
of the same black boulders-as belong to the hill, intermixed with pieces of 
black horn-stone shewing veins of white quartz ; also knobs of indurated 
clay, or semi-formqd j^per of a yellow colnr, or yellow and green two 
cqlors ; botryoidal and manujniUated.lumpaof a yellow horn-like chalcedony 

r' ^ ’■» 

decaying, and variegated by the green earth contained ; geodes of a pseudo 
amethystine quartz, often filled completely with confused crystallizatioiis 
of tho same, intermixed with balls of either 'a yellow,/ or pure and trans- 
parent calcspgr ; thin tables of ^u^rtz ; small flattened pieces of common 
chalcedony ; — thin^tables of qttaftz, white and opaque alternating in lay- 
ers with chalcedony, greenish ;grey and translucent, and coated exter- 
nally, oil the flattened sides with crystals of quartz small and brilliant, 
and other similar siliceous and, calcareous matfbr, (the latter not separate 

and 
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and alone^) such as once prohably^ was mom intiipately connected with 
the amygdaloids, and which now for ages have in the main resisted the 

Ik 

force of time and exposure. The mooient you are elear of this fallen mat- 
ter at the foot of the pass, you step on the sand-sUitee, which is exposed 
to-day in the whole axillary part, the bounding, trap ranges' resting upon 
it. It is uneven, much covered with fragments; swells and hiUocks'^ ap- 
pear upon it, and amongst these that on which is placed the village of 
Garspur, higher than the rest somewhat, but not so high as the contigu- 
ous trap. It is situated about a mile and a half firom the foot of ihe pa^ 
and it possesses some little length, or at its foot the road runs about half a 
mile, in a W. S. W. direction. After leaving the red ground^ and coming 
on the black soil again, the sand-stone still continues to attract occasional 
attention, protuding up through the trap, until you have paSOed the dis- 
tance of four miles. From this point, for twenty miles, there is a general in- 
clination of the trap land to the Betwa, thehilis^bcdng farther, and farther 
removed frqm thoview> as you advance ini the latgO^peii cuRivated plain, 
at the W. S. W. extremity of which stands JJAiSt onr‘thO east bank of the 
Bctwa. Here the sand-stone occnrs as a large plat of some hundred yards 
diameter, generally even with the trap ; but m the central part, it sudddb- 
ly rises up, and forms a curious clump about one hundred and twenty feet 
high and flat at the top, where there is juSt sufficient area for a Mos- 
lim tomb, and another small building or two, lumarksffile in the Stance 
from their white appearance. ' Jf Bhilsd, be taken as a fbiht, and a radius 
of six miles swept about the west bank of the wobid every where 

pass over sand-stone hills ; th^ are much cdnsfer^tib!ereab6iits^-iK'A^liclia- 
^'eraA where is seen a very anciently sotdf^ured rock is situated amongst 
them. The town of Bhilsa is placed on the bank' of the'^Jl^fteo, 
between it and the Solitary sand-StOne rise alluded'^to. Iii ^K. W. direc- 
tion a bed of iron clay 'Slopes off^liis rise,' Sb (that tbe^JEletwa knd the 
Bheis, which loins the Betwa a hrile horihwaidr cuts iV a 


T 



70 


THE TRAP TORMATION OF 


Jtogle, formed by the junction of 'the rivers, is occupied by it ; but, after 
having gained tibie vest bank of the Sheis, it is soon lost. The road 
BOV continues on the trap, the bills for six miles being solely of sand- 
stone; more vest than ^ this it is merely a trap plain on vhich oc- 
curs Kawkerat tvelve miles from Shilia. Beyond Kamkera, the route 
being no)v td the nnrthvard of west, the plain still continues for five 
miles, and then you ascend and cross a range of globular trap hills, dis- 
tant from BitrsUt ten miles, with nothing remarkable in the interval. 
^arsia is on a larj^^ mound of amygdaloidal iron clay, sterile and bare 
in some partst apparently highly productive in others ; in the immediate 
vicinity, of the. town it is gravelly and red in aspect. Four miles in ad- 
vancer or at this clay again presents itself, rises even to the 

rank of.an.Ofc* nod is as. stich worited, and the produce sold sufficient for 
the purposes of th& .haam of Barsia. Immediately around Danaora 
the sand<tstpne hills shoot . up. Kaiukera, sixteen miles from Barsta, 
is on the trap ; the.dfmn^a, a small stream, winds about the village, wash- 
ing out . its way thmugb llurge blocks of wacken and basalt. The fort is 
built of eggrihapcd masses of (he latter, truncated at one end, which end 
isiaet.,outwarda,f 80ioething like, die dint with chalk to be seen in some of 
the ancient houses of Hampshire, such as Chawton-house and Farleigh 
Wallop, though the stones here used are four times as large as a com- 
mon,, flint. ^etwpen, JCa/tfAera and Narsinhgerh (a march of fourteen 
miles) you paps Jlhes Ponca and P 4 rAo«», only worthy of notice as shew- 
ing in their .beds the tra|K:i^d <bnsslt covered with a whitish coating, and 
cracked in to varionn prismatic shapes. The semfl-stone range at Narsinh- 
directly K; and,S. reach of sight. The village is 

situated. iii the deeftsst part of a citmilaar hollow formed by the partial 
winding of the hills,. and the trtqi, has there, found its way, though a base-' 
mentof sand’^t^^ completely: occupies' the narrow throat or entrance 
over which die road loads into* tl><s hoUoa^. The trap is composed of balls 

decomposing 
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decomposing of the conceive lamellnr. kind, anti jthe wn^ter ia a veil, 
where this trap was^ identiRed, was fifteen feet finm the sucface/in the 
month of June. Rising out of 'j^ie hollow you go up! a very longiand aleep 
ascent of sandfStone, and when the Crest of the htU ia gmned,. there fe hai 
a trilling comparative descent on the weiBHl; side to , reach the trap. The 
space between this md Bh^fedpur has nothing of iatareal, tbe^tsountry is 
more undulating, and more open, IdUaand hUlhcks are leak se<u«, .The 
and Z>^da rivers, occurring vhefofe yon reach /differ no- 
thing from the Panva opad Pdrdod, . neither doea^the m advan|| 

at BhopalpuTi It is fi^fteen miles from to, iSA tmt f H and ten 

more brings you to on the banks nf the ex- 
tensive bed of basalt (theRowley lU^v)\not rising ^ thirty- 

six miles beyond this point in the direction; of J^Shm«and>'Ji^ola,^. e<. at 
Bhalta the trap formation ceases. It is.seveiity-tiHro miles from S^ar to 
Bhilsa, and eighty-two from to Bkofifffymf. llm.firstrpert the 

vallies and low lands are gmterally pretty well <deaeed and:^^thrated;^ 
in the latter they are wild an<Lthc4r fertility nisgNledt'lhey are overgrown 
with brush- wood and jungle, and cultivation, at least alcMig.the'^liim. of 
march, is only seen in small patches about 'tiie viUages,; jpst suffkuefit fear 
the support of the inhabitants. ■ - ' ^ * 

Departing from Shiha and taking tiie < ribte lo^v 
sand-stone hill of i2atse» is met With at die !distanoaef^^frfreenL miles; ^ It 
ib in shape like that of B&tgei^i ^but the hi^iesl^ poipt. is/tite east^ 4^, 
and the fort is perdhed upoU it fecit^ that.4|imitm4 .>Vi6vy,^ci^ 

ous for many miles around, audsaid m ^Inlve beew bdite theddiebi^ted 

King of AyodhyA, as a place of refuge from thetOmimmry^'^aiiger 'bf' his 
brother, and that the.hill arose^at iris desire, but whether with the aid of 
an igneous or aqueous power the uffeeaving was aceomplishOd is o# course 
the question here requisite- Rascii^ as its risfep ithpmts, 
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is the entrance; to a dense forest of timber trees* crowning the summits, 
and sides of a :V6ry long winding sand-stone range, upon which the 
road passes thrdh'gh Cktklod, KuUagerhi, and Akalpur, or a distance 
of twenty-four miles, and in a westerly direction, and then turns south or 
doWii the slope of the hills twenty miles, through Neser Ganj and 
Ckduka to the alluvium of the Nermada. The road descending is ex- 
tremely nigged, and occasionally slippery from the sire and position of 
the slabs, 'it is in fact nothing more than a water course : It is sixty- 
miles from Bhiha io Hasmdbdd. The edge of the alluvium 
is three miles from the Nermada. The sand-stone peeps to day at 
JHWsanu&dd, and is seen no more. Fifteen miles over the black basaltic 
mould or alluvium ^brings you to Pstrooia, where commence primordial 
rocks, ending in the granite of Ntmpdni, Shahpur, and BeituL* 

I ought to have stated; that the tra]fl’**range branching oft’ at Garsptr, 
approaches very near ‘to Raisen, and at Banchor forms the eastern 
boundary of the siiakll Vhfiey there ; and then after bending about, in a 
southerly direction, and skirting the sandstone, it proceeds eastwards by 
the Source of the -Deiom, SimUio, ^c., forms, in fact, the southern 
boiindary of the trap formation as described. -S' 

SorthWest'of /SiMg'or,' oritt the direction of Seronu and north, or in 
the direction ot Maticrun, still the country is precisely the same, except 
in the lattef'case, the ifeBftd%fottte hills predominate. Eastward of SdgtA- 
the'tr’a^ is is’ ’it at > ov a march beyond, and 

ceases oirly hear the nameless ritiilet between that place and Pathariah. 

• ■- North-east 

* Between Smthr and the Bhora ifadi t^re is coal. The Towa Nadi should be followed to 

its'iontcei or until it is shewn ftom irhriteii it Veceivet the' coal fragments found in its bed. 
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North-east of S&gar the sand-stone often appears, but only as swells 
rising little above the general level. The trap prevails until you have 
passed Sanwa, three miles and a half, there it ceases entirely, distant 
from Sdgar forty-five miles. From Sanwa east to Sdtpdra and Pancham- 
nagar in the lias, it is not more than nine or ten miles, and these places 
arc about the same distance from Hirapur, due north of them. A section 
made from Hirapur to either of these places, and from them to Sanwa, 
would be highly interesting, and most probably establish clearly the 
relations of the granite, conglomerate, new red with its overlaying trap, 
and the lower lias. 

Where the trap ceases, it does so abruptly. It possesses a vertical 
thickness of about sixty feet, ai:^ it has been cut down to make the slope 
easy for the road. At the foot of this short pass, which is still very steep, 
is the sand-stone supporting the trap ; and this sand-stone is not now a 
hard, glassy, difficultly frangible, splintery sul>stance ; it is become a fine 
grained, white, saccharine mineral, with a flat even fracture, coloured ex- 
ternally a light red ; and with the exception of one fall, about half a mile 
after leaving the trap land, it presents a very even surface, its blocks be- 
ing freed of debris forming a pavement base for the road, a distance of 
four miles ; the sides of the road meanwhile, shewing much overlying loose 
matter with long grass intermixed, and occasionally trees, as you advance, 

• approaching more and more something of a timber size. Only one 
small hamlet presents itself distant from the road side on the right hand, 
perhaps a mile. At the expiration of this wild flat, three hills are crossed 
in succession, composed of the sand-stone masses, rather sparingly and 
loosely set together in much red clay, and quartzose matter, and covered 
very densely M'ith jungle and forest wood. These hills are of no great 
height, but being separated one from the other by ravines or water-courses, 
they are short, steep, and troublesome points of separation. From 

u the 
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the verge of the summit of the last hill, which summit is more than a 
mile in breadth, you look down, over an intervening conglomerate range, 
into the valley of Htrapur ; — and on descending from the summit, within 
one hundred yards from the base, speaking as to the line of road or slope, 
not to the vertical height, you see the new red sand-stone reposing, in a 
horizontal position, on a stratum of brownish black ferruginous clay, and 
earthy iron ore of the same colour. — Was not the sand-stone to be seen 
actually reposing on the stratum just mentioned, still that a change had 
taken place no one could fail to observe; for the ground, from being 
bright brick red, suddenly changes to a brownish black, with a harsh 
gritty gravelly tread, as if you were in the neighbourhood of some great 
foundery ; and so it continues to the base of the hill, and onwards along 
the low ground as far as the conglomerate||hills. These conglomerate hills 
surround the whole valley of Htrapur, and are heaped up immediately 
on the granite from whence they are derived, or else they rest on horn- 
stone petrosilex. The individual hill at the south-west point, or the 
point at which the road enters the valley, is not more lhan two hundred 
yards removed from the base of the sand-stone hill, — only separated by 
a small hollow or curviture, strewed over with lumps of iron ore and pieces 
of quartz and felspar, &c., but not a fragment of the new red. The com- 
ponent matter of this conglomerate hill, as well as all the rest around the 
valley, is a sombre, dark red coloured clay, enveloping variously formed 
large masses, the conglomerate, or Breccia proper, made up of angular 
pieces of white felspar, and occasionally grey pseudo limpid quartz, sel- 
dom less than an inch in size, agglutinated by a highly indurated cement 
of the same sombre ferruginous clay just noticed; or the paste is still hard- 
er, common quartz discoloured by the oxide of iron. From the conglomerate 
boundaries to the centre of the valley, the granite every where is open to- 
day and laid bare ; it rises also in the centre, sinking towards the bound- 
ing hills, and iron ore is strewed about all over those hills, and at their 

feet. 
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feet, even on the granite. The form of the Htrapur valley is oval ; its 
longest diameter is from west to east, and it is in that direction about a 
mile ; from south to north it is not more than a quarter of that distance. 
About the centre, or perhaps a little to the westward of it,, is a large pond, 
on the north bank of which is the village, and near it, or on the east side, 
a small square Gerhi or FortUt. On two mounds of gremite near the 
Gevlu, also on a swell of the same on the south edge of the pond, no 
where else, masses of gneiss, some half dozen in number, are sticking up, 
which, from their slab form and slight inclination, oddly and much resem^ 
ble old tomb-stones in a church-yard. Both the gneiss and the granite if 
they have any inclination dip to the S. W., but of the conglomerate, it 
being a heap of clay and large stones, nothing very satisfactory can be 
said ; here and there, amongst t]^ rounded and angular masses, one or 
two larger than the rest, would seem to stand up, conforming in position 
to the gneiss, with their broader sides something sloping to the same 
quarter as the granite, and the gneiss, viz. to the S. W. This sketch 
Itrings the trap and sand-stone to their N. Castern limits. 

At ll'irapur is seen the granite, capped by heaps of ferruginous con- 
glomerate, which conglomerate is connected with a stratum of iron ore, on 
which the new red sand-stone is seen to repose: — All this within the space 
of a few hundred yards. The new red sand-stone, from this point, conti- 
nues, in the direction of Sdgar bare, and exposed, freed from any overlying 
rock, a distance of six miles, or to where it is met by the trap, when for 
forty-five miles the two together progressively increase in heigiit, until at 
Sdgar they have attained their greatest elevation, or are at least one thou- 
sand feet higher than the spot, where the noticed connection com- 
menced. If a line be prolonged from Htrapur through Bhilsa to Jla- 
mndbddy or that quarter of the compass towards which the primordial 
rocks at Htrapur would seem to dip, such line will have in it almost all 

the 
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the principal points, where the sand-stone protrusions are entitled to the 
rank of hills, and where they are more elongated individually, and more 
clustered together ; for instance, JDhamiiHt, and Malloun, Gkerpara, and 
Sdtgerh, — Hapyle, Rdtgerh, — Grdspur and Bhitsa. — The eastern edge of 
the sketch, as stated in the commencement of this notice, is w'here the thin 
covering of the lower lias lies on the upper portion of the new red rock 
series, viz. clays, marls and calcareo arenaceous sand-stones, tender and 
often variegated, and it is desirable to note in particular that such is the 
case. At the descent to Tendukairat or at the S. E. corner of the trap, 
it is a sand-stone rock ; but the connection of this rock, with the subjacent 
matter along the south boundary, is concealed by the basaltic alluvium of 
the Nermadd interposing. The western limits join the trap of Malmt, and 
therefore it need only be added, that I bring the sand-stone as far west as 
Surmihgerh. Along the north siile probably there is sand-stone the wdiole 
length, it certainly does reach up to Mallotm, and forms the bounding 
rock thence to Htrapur ; an<l iron ore occurs at many points in that line 
similar to what it is at that particular spot. 

To conclude ; — The rock about Sehore and Bhopal is, upon good au- 
thority, considered as similar to that of Sdgnr; although there was infor- 
mation given, that rock salt was there produced, and of course the mind 
conceives Gypsum, &c. as equally existing, or in a word, that the superior 
portion of the red marl formation was to be found west of the somewhat 
diagonal line pointed out ; bxit the accuracy of this last report is at pre- 
sent to be doubted, more particularly, as Gypsum is only known in the Sd^ 
gar bazar as a production of Rdjputdna, and the salt chiefly used is that 
of the Samhher lake, annually brought along these latitudes, and sold by 
the Binjaris as far east as Sergiija. However be this fact, it is, with 
the exception now noticed, that I w’ish to offer the sand-stone of the dis- 
tricts described, from a general personal acquaintance with the whole, as 

remarkable 
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remarkable for the great extent of range it possesses, for the unique ab- 
stracted nature of the thing itself, and mode of Occurrence ; — It is ever the 
same thing at every point of view, void of clays and marls, or any other in- 
terstratification, it is the same identical mineral, protruding itself through 
the trap, (where the trap overlies,) in large angular masses set together 
horizontally without cement ; — a substance of apparent simplicity of com- 
position, fine grained, hard, vitrified and brittle where it is localized in 
the midst of the trap of supposed igneous origin, and a free stone of flat 
even fracture beyond those localities. Highly micaceous and variegated 
sand-stone slates occur in it in nests, or as continuous strata. The ma.s- 
sive rock is itself also often bi-coloured, rarely many coloured. It might 
be explained and named as the middle division of its formation, but it is 
not seen to rest on a conglomerate of its own, on the contrary, it is itself 
seen, at JJirapur, to rest immediately on a conglomerate incident to the 
granite rock there occurring. 

The lime-stone of the trap is a hard white earthy substance, envelop- 
ing a few small particles of a yellow calcareous spar. It occurs constantly 
as a component part of the hills and swells, — ^not of the lower grounds, 
unless as detritus, in small particles washed down from the hills, when it 
intermingles with the black mould, and then that soil becomes, from the 
intermixture, remarkable for its fertility. It deserves attention particu- 
larly for the semi-calcination, and sometimes more, which it would seem 
to have undergone, and generally for its defiance of classification, and for 
the jumble, and apparent dislodgement from original position, which it 
now exhibits heaped up in the trap : — And, if with these considerations, it 
be reflected that there is no oolite, no chalk, nothing in a word posterior to 
lias, the hope may be indulged, that the chert ^ calcareous dendritic 
fragments, occasionally found will, together with other to be substantiated 
facts, eventually establish it as a continuous portion of the neighbouring 

w lias, 
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lias, disguised, and displaced when the trap was erupted, or by that ex- 
plosive power and plutonic heat, which glazed and hardened the sand- 
stone rock.* 

As to tlie trap it is here a very extensive deposit, though still but 
part of a whole. All its rocks are basalt, or matter of near alliance with 
it, and composed principally of hornblende and felspar in an earthy state. 
It is altogether an earthy deposit ; varieties of green-stone, or basalt, or 
any rocks of a distinct crystalline texture are wholly wanting, and by 
such deficiency so many others, of the trappean list are equally, it would 
seem, not to be found ; and the idea obtrudes, whether the circumstance 
of a simple mineral, like this sand-stone described, being the including 
rock, or basin, has not debarred, complexity, and preserved to the trap 
singleness of feature and texture, and manner of being. The color of the 
harder basalt is cither greyish black, or jet, and that of the softest kindred 
clay mottled greenish grey ; and all other varieties, as to induration or 
complexition, vary between these extremes. In the hills, the indurated 
masses have mostly their angles rounded, and appear heaped up together 
with a variable proportion of wacke clay, added to which, there will be seen 
frequently, a patch or lime-stone stratum, occurring nearest the base. 
The base of the hills is invariably broader than the soramit, and, if the 
sides of a hill are smooth and even, balled trap or basalt, often a concen- 
tric lamellar variety, will be the principal component matter, decomposing 
and decomposed into akpredominating workable clay, still shewing the 
parallel converging layers. The smaller vallies appear much scooped, or 

concave. 


* The first noticing of tHPpeculiarities of the lime-stone is due to Captain Franklin, and the 
idea of tlie oolites and chalk is given nearly in his own words—but I am responsible for hazarding 
publicity. 
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concave, and underneath their black looking soil lies wacken or basalt^ 
in form and size, about a cubic foot, disfigured, and often arranged in an 
uniform manner. The globular wacken and basalt partially supersede 
this arrangement in the low grounds, but neither basalt, nor wacken, with 
step-like uniformity, will ever be found forming a hill. Some one or other 
of the amygdaloids, particularly the toad-stone, succeed the soil, and com- 
pact trap rock in the vallies, and they are often observed occurring at the 
feet of the hills; but these latter, it should be remarked, aro'often merely 
this globular trap, distinctly thrown up on a sand-stone basement, or flat. 
Narsinhifei'/i remarkably shews the trap every where surrounded by 
sand-stone, and the lake of Sdgar, on a larger scale, is a distinct basin of 
sand-stone with an inner coating of trap. Altogether it may familiarly Im 
depicted as a dark superficies speckled with spots of red ; the bird'a-eye 
view also presents the thing as a net work scene, the interstices being 
formed by the numerous hills, and low chains of hills, winding about. No 
sudden brush of the ocean could have left such remains as are here seen, 
and, unless the occurrence of stilbite^ be decisive, there are no facts to 
plead for the aciucous origin of the trap, except the all-pervading chturacter 
of its occurrence, and its possessing an axis or general line of bearing ; but 
neither of these, indeed, plead exclusively for it; whilst, on the other hand, 
common observation here forcibly incline the mind to recognize an oppo- 
site theory, and imagine the action of a globe of compression, or rather of 
a common mine: — The effort is made, and the entonnoir formed by the 
more vcrticle rays sending upwards the stuffy and stvewing it in heaps all 
about ; whilst those rays, that are more inclined, will either c^^pipress, and 
shake, or split, and penetrate according to the various nature.^ of the 

materials 

* It has been said that the occurrence of stilbite is decisive of the aqueous origin ivhich is the 
reason why I mention stilbite being found. 
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materials of which the sides are composed ; applied to the trap, it will thus 
be an overlying rock, whether it be, as it is seen here, only on the surface, 
or whether it occurs, us it so often does ehscwhere, and here too perhaps be- 
low the surface, interstratified, entangled, and in what not position in other 
rocks. The works of after ages, by means of either agent, — the ocean, 
for instance, acting through those ages, might have exercised denudation, 
and disturbance, until only a portion of a more horizontal ray is occasion- 
ally to be seen, indicating an explosion somewhere, either proximate, or 
remote from tho spot ; — a stratum, — a dyke or a vein occurs of no obvious 
connection. If the simile of a mine be at all admissible, it may be carried 
on and said, that compared with the solid contents of the globe, the product 
here seems to have been from a line of Pongasses continually working re- 
sults through a long course of time ; the ruin lies about, a small portion 
of which is a half calcined lime-stone, can it once have been the lias '! 
and the chert of Bnpyle, and the small fragments occasionally found of a 
yellow dendritic lime-stone, the only aids at present in corroborating the 
ideal and the clays, the yellow and the deep chocolate, and the marly 
ochres, are they the more unchanged matter, and the latcrite an iron 
ore disfigured and impoverished 1 The cellular, or honcy-comh lava- 
like variety of trap occasionally is met amidst the abundance of other 
kinds; whilst the sand-stone rock is, as a remains, shook and split 
and vitrified, but not displaced or inclined -The fluid matter .seems 
to have shrunk and sunk, and thus, in a great measure, arises tho 
phenomena of the trap in the low grounds, and the disrobed naked 
appearance of the sand-stone islets, as if their clothing had slipt down. 
But the incumbent waters by their under currents, not by violent agi- 
tation, would seem to have rounded the masses, and further confused the 
heaps thrown up, an^il^ter the igneous agency had ceased to act, every 
trace of the sphere of action would be by those waters quickly obliterated. 
The small hummocks, which occur so often, and more particularly at the 

ends 
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ends of the hills joined by a low neck to them, are mostly amorphous, and 
then composed of the harder materials but often they are something 
of a cone or a truncated cone, and their component matter soft. They are 
here of no importance, having been for ages exposed to day they have 
become worn at length into that shape which best resists much further 
demolition, and so now remain. 

It is almost superfluous to add that no fossile remains have been 
found by me. 

The following is a summary of the foregoing sketch : The latitude 
of Htrapur is occupied by a primitive range, and so is the skirt of the 
alluvium south of the Nermada ; in the longitude of Udayapu^r will be 
a western limit, and a granite range,' crossing the Nermada at Jebel- 
pur, and stretching northerly, forms the eastern boundary. This basin 
elongated E. aiid W. formed of primitive rocks, has, in its interval or 
hollow, the sandstone deposit, in some one or other of its forms, exhibit- 
ed nearly throughout obscurely as when seen through the trap, or thinly 
covered with a coating of lias ; or openly as in the hundred and ten mile 
line from Sdgar to Jebelpur. From Udayapur, or the western limits to 
the central part. Sugar, the trap rocks blacken the surface,; and at Sdgar 
they rest on the sandstone, which appears not to have much intermediate 
between it, and the proximate primitive rocks. It is a continuation, . and 
a sort of north eastern bend of the rock of the Malabar Coast from Batoda 
as a point, and itself contains more, perhaps, than lifty-four thousand 
square miles. 


X 
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REMARKS 

ON THE 

GEOLOGY OF THE COUNTRY 

On ihz Route from Baroda to Udayajmr, via Birpur and Salmhher, 


By JAMES HARDIE, Esq. 


Assistant Surgeon, M. A. S, 


In this communication I do not pretend to give a correct geological de- 
scription of the country through which I have passed. This would be an 
undertaking of great difficulty and one which would require that our ob- 
servations should be made on. a much more extended scale, and with a 
far greater degree of minuteness than can possibly be done by a tra- 
, teller, who is mm*ely marching in a rapid manner from one point to ano- 
theti Such remarks, however, as; the following, if they be correct, may 
prove useful in as much as they uftbrd an opportunity of comparing notes 
with the observations of other travellers, and thus we may eventually 
succeed in obtaining a pretty correct knowledge of the minuter Geology 
of India, the general ||atures of which have been adready described by one 
of your members. 


From 
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From Baroda to Btrpur, a town of considerable extent, situated 
about twelve miles N. W. of Lunawara, and distant from Baroda about 
seventy-six miles, the country affords little to interest the geological 
observer. Proceeding by the direct route via Balasinur, and till we reach 
the last mentioned town, a distaince of nearly fifty-six miles, in a norther- 
ly direction, we perceive nothing but a uniform expanse of alluvial soil. 
We now, for the first time^ observe rock formations and several gentle ris- 
ing grounds give to the face of the country in the neighbourhood, a wav- 
ed outline. Balasinur is situated on one of these rising grounds, and 
the only rock which presents itself is a conglomerate, principally compos- 
ed of agates aud other quartzose minerals.' Some of the agates were of 
considerable size. This rock is not stratified, and appears at the surface 
in the form of large lenticular masses. ' It is perhaps a similar formation 
to the cornelian rocks in the neighbourhood of Barra, but, as i have 
seen no good description of these, I can only state this as a mere con- 
jecture. 

Distant from Balasimr ten miles, still in a northerly direction, 
stands the small village of Pandua. In its neighbourhood are seen seve«> 
ral small rounded hills or rising grounds presenting the bare rock at the 
surface. On examination I found that these were composed of different 
modifications of granite. The first was a very close grained grey granite 
composed of greyish felspar, translucent quartz, and dark colored mica 
with hornblende, occasionally disseminated throngh it. ‘Thiei passed into a 
coarser granite composed of large masses of reddish grey felspar, nearly 
transparent quartz, and silver colored mica. Both the mica and quartz oc- 
casionally appear crystallized, I could, not procure a hand specimen in 
which this was distinctly showp. The one in my possesion, and which 
shall be forwarded to the Society^ is sufficiently cf&racteristic in as far as 
regards the mica. Seme of the masses of quartz in this granite were 

upwards 
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upwards of a foot square, and many of them nearly transparent, through 
the substance of which prismatic crystals of schorl were seen to shoot. 

These rocks were not stratified. 

) 

Birpur is situated ten miles N. of Pmdtta. The route for the first 
five miles lies over the usual plain of Guzerat : we then enter a more hilly 
country ; the hills, howeveri are very low and their summits are occupied 
by a table^land. Blrpttr stands on an elevated situation, and the low 
hills with which it is surrounded, are covered to a great depth, as may be 
seen by the ravines and nullah courses, by an alluvial soil similar to that 
of the plains. Owing to this circumstance I had no opportunity of exa- 
mining the rocks in sitU' — the stone used in building, and from the quan- 
tity of it seen it must have occurred in great abundance in the neighbour- 
hood, was a very compact quartzose sandstone, or rather a ferruginous 
quartz of a red color. From the appearance of the fragments it must oc- 
cur distinctly stratified. 

We had now left the rich and highly cultivated plains of Guzerat, and 
had crossed the barrier of a hilly and jungly portion of this district, not 
only the face of the country had changed, but the appearance and charac- 
ter of its inhabitants. Heretofore we had a rich alluvial soil, cultivated 
by a comparatively speaking civilized, or at least a more peaceable people 
— numerous thickly inhabited towns and villages were seen scattered over 
it — it is watered by numerous tanks^ and wells, and rivers, and the coun- 
try resembles more the richer portions of Bengal than any other part of 
India which I have seen. The surface of the country passed does certain- 
ly not present much to attract the notice of the Geologist ; with the assist- 
ance of boring instruments, however, much valuable information would, 
no doubt, be obtained, and an interesting comparison might be drawn 
between the alluvial formation of this district — that of Bengal — the 

Loudon 
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l^ndon clay formation, and other similar formations both in Europe and 


Whatever might have been the agency, or the succession of agencies, 
concerned in forming the alluvium of Guzerat., it is abundantly obvious that 
it could not have been gradually formed by the debris of the rocks in the 
mountainous portions of the district washed down by rivers, nullahs, &c. 
From this source a portion of it might, no doubt, be derived. ■ By its ex- 
tent, its depth, the high situation which this deposit frequently occupies; 
(as at JBirpur, just mentioned) we may learn that it must have been the 
result of some more energetic cause. 

The extent of the conglomerate formation at Balasinur, I had no op- 
portunity of ascertaining, nor do I know its relative position with regard 
to other rocks — it probably, however, rests on the granUe which underlies 
the alluvium — might not these conglomerates be cotemporaneoiis with the 
lower beds of the alluvial deposit, modified by some local cause, affording 
a cementing medium to the loose .particle, connecting them together and 
thus forming a nucleus round which others would collect ? This is a mere 
conjecture. 

The hills at Pamlua, were no doubt, fanned by the outgoings of the 
underlying granite — a granite which appeared to me to belong to a very an- 
cient variety — an older variety indeed than any which we shall have occa- 
sion to mention in the sequel of this paper. The crystalline nature of its^com- 
ponent parts-— the transparency of its quartz — the whole appearance of the 
rock, and the situation which it occupied, led me to draw tliis conclusion. 

From Birpur our march lay through a hiUy and jungly county , to 
a small village called jDtewdn, six miles distant, in a N. East direction 

Y from 
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from the last. The hills were ridge-'Shaped, and their summits presented in 
the distance a uniform and even line. Their slopes were covered with loose 
fragments of the wells composing them. The preponderating rock was 
quarts, distinctly stratified. On examining a hill in the neighbourhood 
of my camp, 1 found the following series of rocks arranged in strata, which 
were highly inclined and dipping towards the N. W. Ist, a rock of the na- 
ture of quartz rock, of a greyish color, and inclining to slaty structure — it 
seemed to be quattz rock passing into clay state — it was very hard how- 
ever, and was principally composed of quartz. 2nd, a ferruginous quartz, 
of a reddish color ; and 3rd, a pure white quartz. The last had nothing of 
a slaty structure, and, indeed, could not be said to be distinctly stratified. 
These three formed frequent alternations, the pure white quartz appear- 
ing in the shape of a series of unstratified beds interposed between the 
other strata. 

Ten miles distant from the last, in the same direction, stands the vil- 
lage of Panwara. For the first four or five miles the country was cover- 
ed with a thick jungle, and the line of march was enclosed by ridge-shap- 
ed hills which presented a bold and craggy outline — the rocks forming 
them were arranged in a highly inclined position, and consisted of differ- 
ent modification of quartz rock and clay slate which alternated with, and 
passed into each other. After having passed a narrow Ghat, which though 
steep, is not difiicuU, we entered an elevated plain, level and covered with 
a thick and apparently rich soil, in many situations well cultivated and 
over which are scatterred numerous fine trees. From the top of the Ghat 
where, the plain commences to Pemwaruy is a distant of about five miles. 

In ascending from the plains of Guzerat to our present situation, we 
have come at once among rocks of the oldest class, and we have met with 
nothing like, any of the newer varieties. We have passed the western 

boundary 
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boundary of Ibe great priMitire district 'whkh IfornKS u laTge portion of Codi'- 
tral India, and which traversed from N. to if. the whole of the peniheula^ 
being connected, indeed, at one point or another, with all the great primi- 
tive formations which exist in Hindititm.’ The rocks which as yet we 
have seen might be termed, perhaps by some, “ transition.” In the pre- 
sent instance 1 can see no use for this distinction. Fr6m the rocks which 
surround us to the more decidedly primitive ones we can trace a regular 
gradation. They pass into — and in many instances alternate with-*— each 
other. In short every consideration points them all out as belonging to 
one grand series of rock formation as the result of one general cause. 

In the deposition of a formation so extensive, a long period of time 
would doubtless be cuasumed, and though the prtf>nise period of their depo- 
sition might be different in different instances — one being formed when 
the forming cause, wliatever that might be, commenced to operate, and 
another when it was about to cease, — ^this, though it might modify the in- 
ternal structure and appearance of the different rocks composing this for- 
mation would not justify us in including them under diffbrSilt classes.* 

V 

In the district of Kutch, towards the N. W. I believe> frcm Specimens 
which 1 have seen, that a series of rocks of a newer formation than littS, 
and from that upwards, maybe observed. I drew this conclusion from the 
very numerous fossil organic remains which many of those specimens ex- 
hibited. Th^se remains were shells belonging to vOa^ieties which have 
been ascertained to be characteristic of the newer classes of jtodkis in 

other 


* I am uncertain with regard to the nature of the rocks at BirpuTf As I did^npt Me these 
in situ, I cannot say decidedly in what class they ought to be included —they, peihapSi belong io a 
newer and overlying variety. 



REMARKS cm THE 


B8 

other cowjatries. Nothing of this kind. can he traced here, however, and 
from the paper of .Captain J. ’Stewart, in the Bombay Literary Transac- 
tions, the same remark may be made regarding the boundary of this great 
formation on tho route from BarodeiXo Mhow. 

. V. ' ^ ‘ ' ■ 

, On leaving Dawdn, we proceeded on the usual direction over the 
level ]^ain before mentioned, till we reached the JBhilpdHi. e. a commu- 
nity of small villages) of ITaHum., which is situated eight miles distant 
from tlie former. We still found the surface of the plain covered with a 
thick soil. ,In some situation, however, small hills or rising grounds were 
observed which exhibited at their surface the outgoings of the inferior 
strata. These were as before quartz rock and clay slate, the latter was 
now much more abundant than formerly. Strata were still highly inclin- 
ed and dipping as usual. 

j At this place .('flarfdno^ there was a great scarcity of w'ater, and the 
Gpaaui of the temple of Ndthdwdm, had sent some workmen to dig a well. 
They had penetrated about thirty feet through the rock in a low situation, 
and I had thus an opportunity, the first which had as yet oftcred itself, 
of examining the strata in the plain. I here discovered a distinct and 
separate formation from any which I had seen during this march in a 
shfies of overlying rocks. The first rock which presented itself, was a dis- 
tinct sandstone, with a clayey basis, and of a soft friable nature. It 
was a variegated sandstone, with spots of a reddish color dispersed over a 
whitish ground. Below this was another variety of sandstone of a more 
compact nature than the last, and of a whitish grey color — it was a cal- 
careous sandstone, effervescing with acids — the proportion of lime in it 
was, however, very small. These two were arranged in strata which were 
very slightly inclined. 


These 
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Tbere can be no dpubt, but that theae rocke belong to a newer class 
ibaa any which we bare yet seen — the ext|nt of the fonnatibn 1 had no 
^^portunity of asce^auung-^it probably occupies^ at least, all tbe;lowcs 
portitms of the eieTH^d pkdn on whicl^ we wero'^ encamped, the rising 
grounds, as we have seen, being formed, of the neaerly 'eerticad strata of 
the anderly mg rocks. Nothing like organic rentaiosi coaid be traced; 
though I examined with care the ifefferen* iaasses: ihhiidl bad been tli^own 
out by the borers. Through the above rocks a vein of qaartz seed 
to pass — it gradually narrowed from below upil'ards till it terminated at 
the surfiice, where it was about a foot and a half in thickness, the Ibwest 
portion of it seen, being about two yards ^dowL Tfifeiqaartz. waaof a 
pure white color and ciystsdlize texture. It wws not. 8tmrifie|l, but pre- 
sented the appearance of a numb;er of rodaded masses elosely Cemenled 
together — the H»t toman inight aa^, th^ i| derived thih form, front hoving 
been ejected fiom below, tlie perhaps^, that it had been a prev 

viously existing rent in the strata which had been jUled up from above 
by rounded masses of quartz derived fronr the neighbouring hills, and 
which are seen strewed over the whole surface of the plain. The. latter 
is certainly the more probable theory,, as the inassesi of quartz were «&■ 
xnented together by a calcareous cement obviously • a postmon foniiw* 
tion tos the quartz. . 

In which prebtse; ckuss oT rockn, ^ above ought to be ' sachuied, 1 
have had no means of ascertaining ; in'^ thehr nature aiid structure, how^ 
ever, they resemlde. the. rocks of the new zed sandstjone foinnatian of 
nteson, and ! should ieel induced tor 'oonsid^ them as belonging to (bis 
class. No cocks of a similar nature) have occurred to me* dudag my 
match, nor do 1 think that, in the cmintry pUssed after leaving thist any 
do Qxisk for in almost every situaihmibe venfcicalstrata.appear tke sur- 
€%ce, it is mone tlum probable, how)^er,.^at tbe rocks^ examinied fumed 
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ft portion of a considerable formation which occupied the elevated plain 
trader consideratk>tt, and which might extend in a northerly and southerly 
directed for a considerable distance. ' In Captain Dan gerfiex.d’b map, a 
“ granular course limestone” fojjjnation is laid down, as running from 
north to south the whole extent of his map, and passing in the neigh- 
bourhood of the plain in question. I have not seen any thing of this for- 
miiti<pi, it iohot improbable, hotreveri ^at the rocks just described, may 
be associated with it. - 

From Captain Dangerfield’s map, it will be seen, that the commdni- 
cation now sent differs in many respects. In some instances, too, I suspect 
that we iihve ealled the same rock by different names. His sandstones 
and sandstone slaves which he describes^as skirting the western boundary 
of the great formation, may be the samo%& the rock here described as ferru- 
ginous quartzose sandstone; and hishornstone maybe the stratified quartz 
so often mentioned in this paper. In some situations in which I 

have visited, he has described as hornstone the same rock whiiih I hero 
call quartz— the very remarkable ravine which he mentions, as occurring 
at the bund of the Udaya^igar, I have often seen, and the rock which is 
fouud'thete, md which he ctdll-homiitone, is exactly similar to a rock of 
this part of the dratiict, Urjiich 1 have classed with the stratified quartzes. 
That it is not hOmStode, : commonly so called, 1 have ho hesitation in 
stating, and I cantibt helj^ thinklQg, that t1^ adoption! ^f such a name 
might give an ihcbtt^^tddoa of the%tmation in "queEtion; and might lead 
us to confohnd'it'irfth oiljter.formations.'.< Where the quartz rock passes 
into clay slate; it uiight, ^rhaps, be' named flinty elate. ■ I prefer, how- 
ever, retaining the general name of quartz, mentioning when it shall hap- 
pen to pass into any otfaehof the rocks, as for instanced, into gneiss or 
granite; or mica or clay slateofiutcrnll of which in diflbhent situations it 
may he seen l6 graduate. Indeed, it appears t<r me, that the very large 

proportion 
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proportion of quaftz, both as an ingrediept in the compound nnd in 
an unmixed form, is a very sirihing feature in the geology of this portion 
of India, and one which oqght not to be lost sight of. 1 shaU^ takevthe 
first opportunity of^rwarding to the Asiatic Sociej^. specimeth^ qf the 
rocks found in this district, which, 1 trusty will bear me out in the opinion 
which I have stated. In Captain Stewart's account of strata be* 
tween Baroda and Mhow, no mention is,jmade pf apy overl2y;ing^|oc|Ls^n 
the west side of the great formation, neither does the ancceSsion<qf .rocks 
laid down by Captain Danoerfield, appear to have bWn observed by 
him. 


By the above remarks, l^ do no|iyrish ^to^dftrac^t ,f||^^.earn- 
fd merit of Captain lyANGERsif^j^n. ^ y^o.are^ indebted tp l]^\fer»;,much 
very valuable information, but to 4 g?ake^a>i|ectty^^cqr^^^ 
of this part of the country would require y,eqiD^pf^jninu^ ^^j gg atiya^ 
and m a climate like this could freely by ^ inpjrj^-^ 

too much ptuise panqot be giyc^ Ifipt f<M-.35(;hqJ<he ^ 

Proceeding in the usual direction, we 4pgph^|^q 
the Da?igcrpur district, which stan^^,,e 4 ]^t,j^lps. 

Immediately on leaving camp, the cpu^rjjr h^epamj^ qx^^i^gly 

and uneven, and numci^ous 8mallrounde^]iiil|9 woie^|^a^^b4togat tjhbir 

surface the 

wastheprepondemtWgiiiii.,p!^^I%,a tjeU 

tion, clay sUte w,» alpo 8e^._ ■ -^lys rf 

a qaartoose nature, , 

Ten n)Ues dip.tant frem 

the Bret three 6i fqur,nule,>^,cy^^^wq|jjj5IStly 8\f^ JH®*. 

described, the jupjtle “d 

rugged, 
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L and, though the hills with whkh.it was atudd^ were stilt lowv 
the scene was roehy and ^Id in tla« The iHiclIceTy i^sjd,. . which 

is tolei^bly good, jiiasses threugh a narrow Gh;^t, I proceeded myself by 
a higher toute^ winding along the edge of the rav^es with whiieh the 
country was;. intersected, and passing over the tops of the hidls^ The 
roeks^ W^ oT^ry where (kserved at the saMface, and the aLmost peirpexV' 
dij|^|^kc|i^ of the ravines j^essiikted to the view excellent sections of 
thd.>strhik* '< We encamped on an elevated plam surrounded by ranges of 
low iridge«&aaped hiils. Since leaving Bu'pur, we have been gradually 
ascending, and the ascent of the last six miles has been much greater than 
usual,., ^hc ro^kS;,ob.8eryed,wereddrerent modifi^ of quartz, varying 
kji col^r The pure white variety 

hmupt yet.Saenseen.^eguiarly stratified, beds of it, however, alternate 

aM.^tra^arscd- in every dkectiou by seams 
aBdciiM|6S^; andhare.jthe ^jpe^rance of bem^ made, up of a congeries of 
detachi^*iftasses, varying ib.si.sie from t,FO or three inches twa foot in dia- 
meter, and cloiyely coi^ctedtoget^r,., 'The colored varieties are dktijict- 
ly s||atified and are arranged in parallel layers, varying from an inch to 
a foot in thickness- '!l^heiK.oolof'<kpends 4 *^ au admixture of the rocks 

sm^ proportions and 

at others the proportion is coriskejtabi©. laany of them, too, derive tlieir 
from variety is; a ferruginous^ quartz^ very ricli 

hi this nMTtak Iron aspeamn to. ho, an obtm&nt pcoduoUif*) in the country 

I jS V ' r»V« m 


titon JWCi,. . 
noting 


Jyem The above quajrta ijocks were seen alter- 
esirin. some.kttialions. soft, and friable, in others 
quartzqse — hhd ...The chlorite slate was first seen three or 

;^bohlialf way b(Ptwee» the. last mention- 

^ It t. *11 _ /• 4* 


ed plaee ani 
It W8^, not 8 


i|i,:S,rna^^j||^, 9 puipg> 8 je^ of serpentine. 

as fora* 
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I could judge, of considerable extent, and in this part of the country I 
know it to be an abundant production. It was of a greenish colour, with 
a tinge of brown and grains of a metalic mineral, with a mctaUc lustxO 
were disseminated through it. This was magnetic iron ore. 

The clay slates passing into chlorite slates were the preponderating 
rocks, and in the neighbourhood of our camp these appeared to pass into 
mica slate, small scales of mica being disseminated through them. 

We now proceeded to Sa»wdra, twelve miles north-east of the last. 
The country on leaving Ghata, became more open, and, though still 
uncultivated, was comparatively free from jungle. The line of march 
lay over the tops of the small hills which were still very numerous, and 
we had thus pretty extensive views of the surrounding country. It pre- 
sented a waved, or rather mamillary aspect, and several small ranges of 
low ridge-shaped hills were observed. Mica slate, and mica slate ap- 
proaching to clay slate, were almost the only rocks observed. 

We next proceeded to Jaridna, a Bhil PM, sixteen miles from the 
last. The country was still completely studded with low rocky hills-— 
for the first three or four miles mica slate preponderated, after this the 
hills were almost entirely composed of pure white quartz, in which 
occasional scales of mica were observed, but these were rare. This rock 
every where appeared at the surface, giving to the scene a striking and 
peculiar aspect, and were it not for a hot burning snn one would almost 
be inclined to believe that the country was covered with snow. No other 
rock made its appearance, except an occasional bed of mica slate of in- 
considerable extent — many of the masses of this quartz weve nearly trans- 
parent and approached to rock crystal, and others had a id^ht rose tinge. 
It was either compact or large granular, the concretions being about the 


size 
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size of a large bean : It occurred stratified, and, though the strata were 
hot very distinct, the stratiform structure was sufficiently obvious. In 
dip and inclination it agreed with the other rocks seen. The whole sur- 
face of the country is covered with detached masses of this rock, and very 
frequently immense isolated blocks, of several yards in diameter, were 
seen topping the hills, and these, in many situations, were piled upon 
one another in a very fantastic manner. In the neighbourhood of camp 
was a group of conical hills, higher than the rest : these were formed of a 
micaceous clay slate. 

Preceding onward to Jaitana, in the Uda^apur district, the country 
becomes more open, and plains of considerable extent are seen. There 
were still, however, numerous small rounded hills, while others assumed 
a conical form and others were ridge-shaped. The preponderating rocks 
were mica and clay slates, in which large beds of the white quartz occur- 
red. Jaitana is six miles distant from JartAna. 

We now marched to Sal&mhhar, a walled town of considerable extent, 
belonging to one of the principal Omrahs of Udayapur, and situated 
eleven miles N. W. from the last. The mica slate, during this march, 
passed into gneiss, in which beds of granite, some specimens containing 
chlorite and hornblende slate were observed. From Jaiiana, a range of 
hills were seen in the distance extehding N. W. andS. £. Salumhhar is 
situated at the base of this range, which is connected with the one which 
passes the DhAbar. The hills are generally ridge-shaped, and sometimes 
peaked, and those in the neighbourhood of the town are fortified. 

In the nullah courses a very thick bed of kunkur, of a distinct rocky 
structure, and indistinctly stratified, was observed. The kunkur forma- 
tion now becomes very abundant; — it is differently modified in different 

situations — ■ 
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situations — it is sometimes soft and friable, at others it is more <iiystal> 
line — it occupies the highest situations as well as the lowest. This for* 
ination appears to me to be one of great importance, and, if examined oh 
a large scale and described with minuteness might lead to very interest- 
ing results. When it rests upon the softer rocks, as clay slate, it is fre- 
quently seen penetrating into their substance, the water which held it in 
solution having percolated through the strata and deposited the lime in 
the form of calcareous spar in their interestices, so 'that these rocks at 
their surface are almost entirely converted into a calcareous rock, inat- 
tention to this circumstances may sometimes lead into error. Iron pyrites 
is very generally distributed through the mass, and rounded portions of 
various rocks are found imbedded in it. 

We next procesded to Gingla, a small village, twelve miles north 
west of Salimbhar. On leaving the latter town, the country becomes very 
rocky and uneven, and exhibits the mamillary aspect so often alluded to. 
On the left hand the Dhdbar range was seen stretching north-west and 
south-east, and other range of lower hills, running in the same direction, 
was seen on the right. These hills are generally ridge-shaped, some 
times peaked, and at others conical. The JOhdbar lake was seen wash- 
ing the base of the rough and craggy hills on the left. For the first half 
of this march gneiss passing into granite, generally of a red colour, with 
occasional beds of hornblende slate and quartz, was seen. The hornblende 
rocks then preponderated, and these and the granite rocks formed fre- 
quent alternations. Gingla is situated on a hill, composed of hornblende 
slate passing into greenstone, and in the neighbourhood are a number of 
small hills composed of a similar rock. The soil where these rocks occur is 
of a red colour, derived from iron which exists in them in great abundance, 
and the surface of the strata is covered with a thin brown crust, (carbonate 
of iron,) derived from a similar source. Occasional beds of gneiss,. 

of 
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of a grey colour* small graiued, and not stratiiied, occur in this formation. 
This gneiss is composed of coloured mica in minute scales, a felspar 
slightly tinged with red and translucent quartz. In the hornblende rocks, 
which are distinctly stratified, I observed a, vein composed of felspar and 
quartz — the latter, clear and nearly transparent, the former, a pale reddish 
white, with perfect foliated fracture, and crystalline structure arranged so 
as to form a kind of porphyry. 

We now marched to Katdwar, a pretty large town, with a fort, twelve 
miles north-west of the last. The Dkdbar range was still seen on the 
left, and the country presented the usual mamillary aspect. The rocks 
observed were different modifications of granites, hornblende slate and 
chlorite slate — all these alternating with each other. The line of march 
in one situation approaches the range of hills, and o similar variety of 
rocks could be distinctly traced in their base and rocky slopes. The gra- 
nitic rocks were, 1st, A gneiss of a greyish colour similar to that des- 
cribed at Gingla. 2d, A red granite, the principal ingredient a dark 
flesh red felspar — the quartz is in minute quantity and is translucent, 
and the mica of a dark color is in still smaller proportion. 3d, A reddish 
coloured gneiss. 4th, A rock, with the distinct structure of gneiss, of a 
greenish grey colour, in which the mica is replaced by hornblende ; and 
5th, A rock almost entirely composed of flesh red felspar, with a foliated 
fracture, and in which are imbedded nearly transparent crystals of quartz. 
The latter rock, except for the first two miles, within which the horu- 
ble^e rocks were principally seen preponderated. It was distinctly 
stratified — strata highly inclined and dip towards north-east — mica is very 
rarely seen in it, and indeed is almost wanting. It may be said to form 
a variety of porphyry, but from its stratiform structure and the arrange- 
ment of its component parts, I prefer including it with the granitic rocks, 
in which seri^ it ought certainly to be classed, perhaps, as a distinct 

variety, 
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Tarietjr, ifrhich may b© called granitic porphyry. It passes into the flesh 
red granite before described, in which granite chlorite often occupies the 
place of mica, forming the protogine of Jurine. The felspar of the latter 
rock is uniformly of a darker^red color than that of the granitic -porphyry. 

We next proceeded oVer a very bad road to ^hdutw, a Bhll Pdl, 
seven miles north-west of the last. The country presented the usual ma- 
millary appearance of the lower granite tracts, but it was more broken 
and rugged than I had heretofore seen, and was traversed by numerous 
deep and narrow ratines. For the first three 'miles, the following rocks 
presented themselves ; viz. the felspar rock, ' which' T hate called granitic 
porphyry, which passes in some situations into gneiss and granite, both 
generally of a re<lish colour. A granite composed of pure white granular 
felspar— translucent quartz and silver colored iuica, t^-also observed in 
small quantity. Through this last garnets were sparingly interspersed. 
These alternate .with different modifications of hornblende rocks; viz. horn- 
blende slate passing into greenstone slate and primitive greenstone — the 
alternating beds are from fifty to two hundred paces in breadth. We then 
reached the bed of a nullah, with rocky bafij^S,^ composed of a formation 
exactly similar in appearance to the waved gneiss — it contains, however, 
no mica, its constituent parts being hornblende, felspar and quartz — the 

* .T M • v 

latter, in small proportion. 1 imagined at the time that this rock was a 
distinct grey gneiss, and picked up several specimens of it as such. It 
formed now the preponderating rock in which beds, but not of great extent, 
comparatively speaking, of hornblende slate and greenstone were ob- 
served, beds of red granite, and in one or two instances, of chlorite slate 
were also seen. 

The above described rock exactly resembles the close grained grey 
gneiss. It had a waved appearance, and it was only on reaching camp, 

B 2 and 
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and examining my specimens that I discovered its true composition. It 
may be called scienitic gneiss. It was distinctly stratified and dipped 
towards the N. This formation is continued for several miles in 
the direction of the Residency at Minta^ at which place I arrived 
next day. The geology of the ‘last march I shall not enter into at 
present, as I propose drawing out a “ sketch of the geology of the valley 
of Udayajmr and its neighbourhood,” in which this portion of the country 
Mill l>e included. 

In conclusion, I would again call your attention to the regularity of 
the gradation observed frCm the rocks seen on leaving Birpur to those 
in the neighbourhood of XJdayapur. They pass into each other by almost 
insensible degrees, so that it is often difficult to say, in which class parti- 
cular specimens ought to be included. The granitic rocks, — except the 
very large granular variety of Pandua, which I have supposed’ to be a 
»very old granite — are, generally speaking, small grained, or intermediate 
between small and large. 

These remarks j Stich M , they are, I do myself the pleasure of for- 
warding to the Physical Committee of the Asiatic Society, and I have to 
regret, that the season of the year at wliich I travelled ; viz. during the 
hot winds, prevented me extending ray observations so far as I could 
have wished. This circumstance must plead my apology for the imper- 
fect nature of this communication. I have avoided entering into any de- 
tails connected with the character, &c. of the inhabitants of the country 
through which 1 have passed : this would have extended my paper to an 
undue length : this, however, I must say, that I have experienced nothing 
but civility from the rude and barbarous tribes among whom I have tra- 
velled, and, though the names of BJM and Cohah have always been 
a^ociated with those of plunderers and robbers, I have met with more 

attention 
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attention from these very tribes, than I have ever experienced in ‘other 
parts of India. The chiefs (9 Omiti's,) of their Pals, frequently visited 
me — they appeared to have a great deal of curiosity, examined every 
thing about my camp — asked various questions about the uses to which 
they were applied, and on the whole, I was much pleased with the rude 
inhabitants of this wild and mountainous portion of Hmdustan. ; 

The route by which I have marched is not the common one, I have 
no hesitation, howhver, in recommending it to travellers who may be pro- 
ceeding from Pombay to Nhnach, as by far the shortest and the best. 
From Daroda to Nimach, via Birpur and Salumbher, there are only 

eighteen or nineteen ordinary mjM^hes. 

#• 

The accompanying section of the strata from Paroda to T^anna, I do 
not offer as perfectly correct ; it will serve, however, to give a general 
idea of the geology of the tract in question. Jp a plan on so small a scale, 
I could only indicate the rocks which preponderate in particular situa- 
tions, and no attempt has been made' to lay down the beds of other rocks 
with which these afe associated, and with which they frequently alteftiate. 


V. 
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«. ON THE 
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DIAMOND MINES OF PANNA 
BUNDELKHAND. 

By captain JAMES FRANKLIN, 

First Bengal Cavalry^ M, A. S. 

(WITH A MAP.) 

The geological position of the matrix of the diamond, being still a ques- 
tion in the history of that gem, the following notice on the diamond mines 
of Panm, will not, I trust, be unacceptable, i. 

Report says, that they were first* discovered in the time of Raja 
ChithasXl, who ruled at Panna, in the reign of thelBmperor Aurang/eb, 


* Their discovery is attributed to a Devotee of the Mehdivi sect, who established his doctrine 
at Parma, in the time of Raja CHtTHASAi., or about A. D. 1680-90, 1 doubt this statement, but I 
cannot arrive at satisfactory proof of their previous discovery. Mr. Mawk dates the discovery of the 
mines of Brazil about tbe same period, and Dr. Hkvne has a similar account of some of tliosc 
of Golconda, but Tavsrnikr says, that the Mogul diamond was found at Color, not far east of 
GoUmda, A. D. 1650. 

Boetius db Boot published bis triistise " DcLapidibus et Gemmis,” A. D. 1609, and 
points out the diamond mines of /ndia and Afolacca— .and in fact, it appears, that the diamond has 
been found in India in all times, since the days of Pliny, and, perhaps, long before. 
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but thatvf>eriod beiag a troublesoioee s&m m.tba aon^ of thb. it 

is supposed, that tbey^ were not effioi^tly openedV'^^until tita tiamipf l|i«« 
grandson SuBHA SwHA. ' ■■ -t-'.- 

< ’.f ' '• ■•<' ■<, 

Their situation is peculiar, being confined toe small piOilion ioif the . 

- ' -* '..r'H- • ' 

great belt of sandstone which extqn^ R^h^jky through the pro* 
Vinces of Boghilkhand end ;tmtihit^'#lii^ the 

overlying trap of ififa/toa and 

the extent of this formation, for the break, at me:^}^ 

hiatus occasioned by th^roi^i^M^ 

less swept away every vestige of this noeki nntU^xth fol^ n^titr^ aside 

by the projecting points of the V^hyd i^ge, MongrA»r~aft«r which, 

■ 



from 

the 


in the R&jng^ud hills, the* 
that point it may be 
the depositary of the diamoiKfnt im jaepht;; ' 

rock mines both of ihr.asn^P^^ Wtll 

ere long be found to belong to lbnjmi^f«Ba^ti^;Jn^i^tmea^ 
following facts which have. fahen«im<^q^ixmhobB«n^fm^ oti>iDy,rpatie> 
from BeUri to Ajmg^gt^h, may ■gcOTK.tQ|id^fy , 

of the rock which contains, the matihfeef'^^ dlainn^ of ‘PhSiwty . * 

most lofty portion of the sandstone bdt, usually Cabled the hills — 

which, without exception, is entirely composed . of argillac e ous sandst one , 
either mottled or streaked— andppposite to.thovillage of below the 
Gh t fill t l b ^ t 1 ' * 

Having 




• ^ mtip wW(* u i|Q my 

ddeription pf tlippp . i 


idap the 


V. ’’Oi 
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■ ‘ Having descended the Mandair hills by tlie Ghat jof Piperiy»t\ came 
njibn theiiecoM innge, which' like the SnrmieT, is also €^()mpos<^ of sand-' 
stone, blit "the sijhlhbe of its blatean being covered with a stratum of lias 
limestone, the' sahdstone can only be traced in the beds of rivers, or in 
. snihU jbiotift^lh'g elevations, until it ehierges f^om beneath the limestone 


and fbriMs th<» counterscarp of tfae iPawra hills, where it is variegated and 


frkhliC'‘ 

the^tbwh 



in the hills which overlook 


‘ 'Hh.d ii# which is called Rind&chal, is 

the 'peb[lh4'r^'halSitat**df idife^diaiaiohd, 'for it' is not found in any other part, 
except on the platforih o^his rdn^, 6t on the counterscarp of the second, 
and' it^ls'lprove#b^HheNkiitlE'i^llB,^lJiat“'*lhis- l?in^' also is entirely com- 

, ^ 4 

pbbbd^bfklhdatone'.^' theieaSCtide ofthe Ranj river shews 
a%k]di^O#%tiiid6toii& '^rntei^treiil^04^'Sdih>'ahvCe clay three hundred and 
nlhety;^^||ilt?^ick. * :^1 the otbO^%t^hifalk^resent similar appearances, 
aiid tbhtkf^e^Si^ta rivet^lliik^ the rest, exhibits a 

fiimoiiebtibB:^t'h^ by a succes- 

8 ion.h^lh 3 ^^dlidkia'Clayj.:(l^. hj{[^^ a marly base 

is thiche^; hh<d^'thc dbsCOnllii!^^^ more indurated, contain- 
ing ix^ miea, ' ahd in tbickpess, dv indle away 

filially mS*® attenuated state, 

V.' ■ they 


“.f ' ■' ’•V' V' *"15* 0 ♦ '-'f . i 

* Tbe diaaa^4i found in th« gi(en thn nVW arie triuabM>rted diamonds, they are not, 

f.'geb tbe map appended, to, tbit |Mper. .1 

I h<liN •• os <t po^t d’appui upon a low ridge of syenitic 

graaute,'whlok'bb#^prDbabl^‘w^ it iboaixt^i^.twept aw^. The h^iwa of the forts of Kdienjara 
abd 4J*^}/afferh, orer iof thii|i»iro^, and ais^marely qyiped.by w4>tone. The same may be said of 
the'aparp tte J;ea$4«ngt(^l!ili^1f into apy of the glena, tim 

sandttone will be aees to be at laaat four hundred feet thick after jftie ridge ia passed. 
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they «uBs«j»e chamcters so various, |lia| i» SPiao ifl||St^ces, ij i# to 

distinguish them from the <«hior schl^tf^ Tim ^ao eli9fpi«s^ 

gratlually hecoming •siUcious, and , at bottom^ 4t closely tresenolbloKif 
some varieties of quarts rock, but the horizontal pqmlion* of the beds ia 
constantly preserved, and in all the glens, p^ticulaid^ thatpf the 
qtn river, black hitumiaous shalQ^<^0P9*^ttt,^£npi^lmhf#^ sandstone. 
I excavated thisdiale to the dep(l^p€^j0EjJeetr#rtlm^i|ig^ 
than such as I could procure on the spot, the influx of ^n.over- 

powered my operations. T found, however, that the bituminous quality of 
the shale increased,-~fiagm0iUsr^ikith>^Wh>g^hkd;i»ihfl.^^^^ 
when ignited, and I was disposed to thipk e(|shfl|pH^pph fpr4p 

1 have ventured to cal} <^oh3i409cing 

it in the same light as the series 
would appear, that this denhmmaftien 

other facts, in other portions hUhij , lm(| #ig||Kpa^y 

by the proof of its saliferous pattue. 

village of Kattra, the soil is impregpalidjifril^ there, aqil in, 

many other adjacent villages, entraetid>hf 

tion, such is the case also on the banka Gir- 

ling, who published an account of the diab^opd,min^<^,Paft^ repra^a, 
that salt abounds in thaaml at thalopt 

and between that place and Mtrzapm.^ These facts, therefore, ' together 

with 


* I observed the same circumstance in the waterfall of BowtO'—i&eV Art Sd of tbia volHtiie. 
f Art. 11th of this volume. ' 

t See Oriental Quarterly, No. -- Page -^'Mr. SriRtisodid not tint any othorndnea than those 
in the immediate vicinity o( PMna) and Dr. HAMitToir, Who hat putdithed as acOount of tbows 
mines in the Edinburgh Philosophical TranaaodoiM, vol. 1, dtsSrictly Mys, that ha did not evwi go so 
far as Panna, and contd not Ihve seen an jr other itiike«,'^ilt^0 ftp ^ Stt- 

rwmgimj Ghat. ’ * * V ^ ^ ^ 
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with the general horizont^lf position of the beds, the existence of lias 
limestone repdi^iig upoftrt^in, thef^dilr^nct interstratification of a series 
W slate clay, above stopping out of bituminous sliale from be- 

neath the ivheP^ass, would appear to justify the use of the term which 
£' have 'applied.'."'^ ^ 

I hava heen thus prolix, bddaUse4t<^ of importance that I should be 
clearly understood^with regard to my nomenclature, and, if I am wrong, 
my own description may, perhaps, serve to correct my error. Having 
thus premised, {.shall now, proceed to give as brief a description as 1 can 
of the mines in qti^lidn;, ' ‘ 

i ' ^he naUvc^deseriliSt^ mines' by Uisih the terms cMla, or superficial, 
and ot deep, and die matrix they call modda; tlie rocky matrix of 

^ deep mines is always a conglomerate, andi if it is a gritstone with a silici- 
ooscenpntrandi^pebblesareof aimient rocks, and waterworn, it is term- 
ed or mature; but if die’ceihent is argillaceous, audits pebbles are 

of;more frecent^w^ks, ,#-’!$ then called A;ac^, or immature; the matrix 
of the 'SUperd^ild' mhcise 4e ''Uliiversa{ly called LdUcakru, or red ironstone 
grasi^ljnrixedwilh fer^ginotti'sahd or clay. This gravel is waterworn and 
sometimes quite munded like swan shot, and when found in the ^fissures 
and fntenstices of the uppet saitidstoiherit is mixed with ferruginous sand, 
but on the other hand when imbedded in' ferruginous clay, it is usually 
found covered with vegetable soil and reposing upon slaty^ marl some- 
times, however, it is surmounted by a stratum consisting of particles of 

' . *i *, • 

V ■ common 


* As ftt Panm, &c. 

t As at 5alert^a anB Vdetna. 

■' i , . /- A 

t As on the,countei;||i^^-of the bills., 

§ „At Ptttma and Kamfirfya, 
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common leankar imbedded in yellow clay, which occasionally mingling 
with it, forms, another ♦description of matrix which being calcareous> is 
called hadda ; the diamonds of the glen of the S&gin river, have evidently 
been transported thither from their native beds, and in all probability tlie 
gangue in which they now rest in the basin of the waterfall, greatly re- 
sembles the cascalho of the Brazils, or that of - Sambhelpur, in Southern 
India. 

The pakka, or I'ocky matrix, is very limited, stretching generally from 
Kmnariya to Brijpur, along the course of the Bagin river. It is excavated 
at Kamanya, Bijijmr, Bargari, Myra and Etwa; there is also a small 
deposit of it near the town of Panna, but at Brijpur, firom the effects of 
denuding causes, it lies at tlie surface, and a very satisfactory section of 
it is laid bare in the bed of a small rivulet about one mile west of the 
lagc, where it appears to be a gritstone, composed of white quarto gravel, 
cemented by silicious matter; and containing rounded pebbles or quartz, 
jasper, hornstone, lydianstone, &c. Thus it forms a conglomerate, which 
passes by gradual transition into silicious sandstone. . readily dis- 

tinguished from its associated rock, differing greatly from it, in as much 
as the sandstone in which it is found, has a martial -argillaceous cement, 
and closely resembles that which forms the upper.laye? of the cascade of 
the Bdgin river. 

Kamariya Mines. 

The most noted mines of this description of matrix are those of Ka- 
mariya and Panna ; at the former place they are on an average about fif- 
teen feet deep, and in one which I examined," the beds of slaty marl were 

two 


At Bangla, Bahhtajmr, Sfc, 
I) 2 
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two feet beIow,the surfai’c, a thin stratum of red ironstone gravel imbedded in 
ferruginous clay, and vegetable soil, were their only covering ; they differed 
in no respect from those of Piperiya Ghat, they were marly, slaty, slightly 
micaceous, interstratified with thin laminae of sandstone, and associated 
with calcareous slates, which were dendritic between their partings, and al- 
though their general colour was bluish green, or greenish grey, yet there was 
a sufficient mixture of red to characterize them ; they were about twelve feet 
thick, and im|nediately below them was the rocky matrix of the diamond. 

The conglomerate is here as at Brijpur, a gritstone containing peb- 
bles of quartz, both white and *green, jasper, hornstone, lydianstone, &c. 
and it is worthy of remark that when the green quartz pebbles abound, it 
is considered a good sign, and so also when the gritstone is slightly fer- 
rtt^nous, the matiix in there mines reposes on compact sandstone. 

PamM Mhtes, " 

The mines %f are of the ^ame kind: here also the stratum 

beneath the vegetable soil is red ironstone gravel, below which are beds of 
slaty marl, better characterized if possible than those of Kamariya^ then 
follows the ^diamond matrix, which differs in no other respect from that 
of Kamariya or Brijpur, except that it appears to contain a little more 

ferruginous 


* The green quartz is exceedingly brittle and splintery, the natives call it Kdnehiya, or glassy. 

It is worthy of remark that botli this matrix and that of Kamariya inclose fragments of 
schist, which M. Charfemtibr calls sshiste argilleux terreux Jaundtre (see his Essai sur les Pyrenees, 
page 297.) I liave seen this rock in situ at Buharam, at the entrance of the valley of Sarej, a 
small specimen of which accompanies this paper, but 1 have not as yet been able to trace it in 
situ in India. At BeUtaram, it is on the summit of a lull, the base of which is formed of Ophite, a 
rock of the trappean family, so named by M. Palasou— it has also a grea^ resemblance to burnt 
clay, so named in Wernenon collections of minerab, ns for instance in that presented to the Society 
bv the late Dr. Abel. ^ 
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ferruginous matter ; its pebbles are the same, its cement the s^e, it has 
the same peculiarity of containing green quartz nodules so highly esiteem- 
ed as an augury by the natiyes, and its Qoor is of,, the same description 
of sandstone. 

; -J t . ' ! : - 

These mines vary in depth from twenty to fifty feet, and owing to the 
stratum»of the matrix being thinner (sometimes scarcely a span thick,) 
they cannot be worked laterally as at Kamanya, they are theyefo^ more 
expensive, but their produce is said to Cover Uie outlay anS yield a pro- 
fit. They are consequently esteemed, and hold a reputation nearly equal 
to those of Kamanya. 

Sakeri^a 

The kaclia, or immature matrix, is excavated at the villages of Sake- 
nya and TJdesna, both situated on the counterscarp of the Panna hills. It 
contains rounded pebbles of quarto, jasper, lydianstone, &c., but with 
these are mixed more recent pebbles of white sandstone. It contains also 
much white quarto gravel, called by the natives hnt „t^ cement of the 

conglomerate instead of being silicious is a yellowish white clay, soft and 
plastic when in its natural bed, but capable of acquiring the consistency 
of mortar when exposed to Jthe atmosphere, and when it contains ferrugi- 
nous matter it is considered a good sign. The quartz pebbles are of the 
fat and greasy variety, and the green kind so much esteemed in tlie rocky 
matrix, is here entirely wanting. 

A shaft near Sakeriya which I examined, pierced through the follow- 
ing beds ; Ist, eight feet vegetable soil ; 2d, eight feet piri matti, or com- 
mon kankar, imbedded in yellow clay; 3d, four feet Wkakru, or red iron- 
stone gravel in ferruginous clay ; 4th, two feet detla, or white quartz gravel ; 
next followed sandstone, and then the kacha matrix ; The thickness of the 

detla 
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detla stratum is here considered a matter of &ugury ; if it is too thick 
it augurs ill, as it is then supposed that the stratum of tnadda will be cor- 
respohdently thin, or wanting ajitogetlier ; — It ought not to exceed two 
feet. 

Udesna Mines. 

Near the village of Udesna, the same kind of matrix underlies 
*laterite, there called mocha; the great abundance of ironstone gra- 
vel and fern^inous matter strewed over this part of the country 
necessarily produced in former times, and no doubt still continues 
to produce, a great quantity of oxide of iron, which being washed away, 
and held in solution by the minor streams, has been gradually deposited 
in the channel of the Itanj river until it is now about ten feet thick, and 

r'* ^ ' 

immediately below it are the beds of detla and sandstone, and the matrix 
as above mentioned. This matrix does not require to be broken, the clay 
is easily separated by washing, and the expense of working the mines is 
consequently lessened, but still they are not considered so certain in their 
return as those pf the rocky matrix. 

Superficial Mitves. 

h 

The chila, or superficial mines, are to be found in every part of the 
diamond tract, excepting only circuit of about five miles from the 
cascade of the Bdgin river, where it appears that denuding' causes have 

swept 


* Tlie laterite is an aggregate of ironstone gravel cemented by an argillo furruginous cement, 
it therefore somewhat resembles pisiform iron ore ; the great mass must have been formed by dilu- 
vial agency, but it appears to accumulate by alluvial action also — for the natives assert that the 
stream is reddened in the rainy season;— as tliere has not, however, been any sensible increase of it 
in the memory of man, I condude that its alluvial accumulation must be very imperceptible. 



IN bunOIelkhand. 


1()9 

siiKrept them away and all their contents into the gliHi of that riVer. < Their 
matrix is always red ironstone gravel in ferruginous sand or ferruginous 
clay. Their geological position with regard to the descending series, 
pears to be remarkably well dehped, for they are actually to be found on 
the verge of two *oa8cades,' having 400 feet of sandstone beneath them; 
when this matrix fills the fissures and interatices of the upper sandstone, 
angular fragments of the rock are mixed with it, the corroding inAtUbnce 
of the oxide of iron appearing to have detached them as well as to have 
desintograted and oxidated a portion of tlte rock so that the gravel and 
fragments are imbedded in sand so highly ferruginous that it resembles 
the rust of iron ; but when on the other hand it is imbedded in ferruginous 
clay, it contains no fragments of sandstone, and; is constantly found ever- 
lying slaty marl or sandstone, or detla, as in the instances above mentioned ; 
with regard to the ascending series its geologica.1,^ position seems also to liie 
well defined, fof if the two strata of -red iron|tone gravel and hmkar oc- 
cur together, as they do at Sakeriya, it always imderlies the fcalcareous 
bed, and their lino of separation is distinct so that when tliey happen to 
mingle as at Bangla, the matrix acquires a new name, and is then called 
hmlda. 

These mines rarely exceed five or six feet in depth, and are often 
much less ; with regard to their produce I am inclined to think that they 
are very precarious, notwithstanding some of the largest diamonds have 
been found in Jthem.; it is common to hear complaints of having found 

nothing 


* On the verge of the cascade of the Ran; river near Rdnipur, and on that which is near to 
the village of Rakhiapur, 

f The fact of the production of laterite in the bed of tlie JRanj river, and the circumstance of 
ironaiPne^gravel undex^l^ng, and preceding cpmnipn are uaeful facts in Geology. 
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nothing for matiy months, and to me they appeared like a lottery in which 
there are a few prizes and many blanks — they have an advantage in re- 
quiring little or no outlay, and are consequently wrought by all classes, 
hut it is not unlikely that more capital has been sunk in them in the shape 
of labour than has ever been returned. 

The diamond is occasionally, though very rarely, found on the sur- 
face, nor is it improbable that some lucky chance of this kind may have 
led to the discovery of the mines. 

Mines of Transported Diamonds. 

The above is a brief aCcx)untof all those matrices of the diamond in 
the Panna district, which fall under the denominations of maddn, l&l- 
kakrti. Or Uadda ; biit there are others where thc gem is found in deposites 
with which it appears to have been swept away from its rftitive beds, as at 
JMfljigoAa and in the glen of the Bdgm river; the mines of the fonner 
place are peculiar and require separate mention, but in those of the glen, 
the diamond is found under rocky debris, both on the banks and in the 
bed of the river, and also in the ibasin which receives the cascade : its 
matrix in this state, is a confused mixture of red ironstone pebbles, angu- 
lar fragments of sandstone, and pieces of common kankur, heaped toge- 
ther in ferruginous sand or clay, the detritus in fact of its original gangue ; 
and the mines of course have a great resemblnnce to the superficial mines 
above-mentioned, but they arc said to be rather more productive, and there 
is great reason to believe that the basin of the cascade has never yet been 
emptied or excavated except to a trifling extent. 

Majgoha Mines. 

The mines of Majgoha are in the western part of the diamond tract, 
and they may jiroperly be called its western bimndary ; they are situated 
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in a hollow resembling an inverted cone, which appears to have been ex- 
cavated by the same process (more powerfully applied) which scooped 
out those resemblances to it in miniature, which are observable in the 
rocky beds of rivers, the diameter of the vortex is about 100 yards, and its 
depth (I presume) cannot be less than 100 feet; on its periphery, superfi- 
cial mines arc wrought in sandstone, but the cavity of the chasm is filled 

4 ^ 

with green mud, containing calcai'eous matter, such as 1 can find no apt 
similitude to, except by supposing it to be the abraded matter of the same 
marly slates as those Avhich occur in the mines of Panna and Kamunya, 
here deposited en masse, and there in slate^ this of course is mere conjec- 
ture, but if the vortex has beeit formed as I suppose it to have been, the 
matter could not in that case have acquired a schistose form ; be the facts 
of the case however what they may; this singular deposite fills two- thirds 
of the chasm, and at the top it has a thick crust of calcareous spar, which 
is itidistinctly stratified, and contains portions of the green mud between 
its laminar. 

The diamond is rarely found in the calcareous crust, its habitat being 
in the green mud, and it is believed by the natives, that the deeper a 
shaft descends, the richer is the; produce ; but although they are aware 
of this circumstance, their ordinary means have never enabled them to 
descend lower than fifty feet, the water at that depth overflowing their 
works, and compelling them to desist: this deposite, therefore, and that of 
the basin of the Bagin river, appear to be two instances in which supe- 
rior means might be employed, with effect, and perhaps with profit. 

Mode of washing and searching the Matrix. 

The mode of washing and searching is the same in all the mines, the 
rocky matrix alone requi|i|ng to be broken ; |t is first thrown into a 

trench 
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trench with water and shoveled and trod like mortar, and as the object is 
to wash away the clay, fresh water is thrown on and poured off repeatedly 
until the fragments are sufficiently cleansed, and as a final purification 
they are sifted on fine baskets which completes the operation of washing, 
they are then spread in a thin layer on a smooth floor plastered with clay 
or cow dung, and when dry the whole is passed under the hand, and 
searched three- several times, after which the fragments are thrown aside. 

Reproductioti of the Diamond. 

e 

The circumstance of diamonds being frequently found amongst these 
fragments after they have been thrown aside, has, perhaps, given rise to the 
idea of their reproduction, and I was anxious to obtain the opinion of ex- 
perienced natives on this subject : they admit it only in one instance, viz. at 

',l‘ 

Majgo/ui, and even there, it is always ascribed to the spiritual agency of the 
founder of the Mehdivi sect, to whom those mines belong, but their more 
rational opinion is as follows, which I will give as nearly as possible in the 
words of my communicant. “ The object of washing is to free the rocky 
fragments from clay, and particularly to cleanse the diamond, so that it 
may readily be distinguished in the operation of searching, but with all 
our care we cannot always succeed ; small diamonds frequently retain their 
covering, and thus elude our search in the first scrutiny, nor can they be 
discovered afterwards, until the coating which eoncealed them is worn 
away; hence it happens that diamonds are found amongst fragments 
which. have been searched and thrown aside, but it is observable that 
small diamonds alone are so found, and that they rarely exceed the weight 
of half a troy grain.” 

With regard lo MajgokaJ am inclined fo think that the above opinion 
applies with greater.force. .Tile, matrix of tke^jnines contains calcareous 

matter, 
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matter, and it is no easy attainment to wash away a oalcareous incrustation 
by using water alone, whenever therefore, such an occurrence takes place, 
the diamond might not only elude a first search, but a series of searches, 
and even for a series of years, until the coating which enveloped it, was 

a 

worn au’^ay. 

Description of the Diamonds, 

The diamonds of the Panna mines may be classed, according to the 
following arrangement, using native denominations : 1st, Lilwaja, trans- 
parent, colorless, having no tinge except the azure which is reflected in a 
drop of distilled water, it is so scarce that only one specimen was to be 
found in the town of Panna. 

2nd. Danspati, Motichar, Ghiya, or Masha: these kinds are conltnon, 
the first has a greenish tinge, the second is also greenish, but varies to a 
pearly cast ; the third is yellowish and of a greasy or resinous lustre, as its 
name implies ; — the crystalline form of this class is very distinct, exhibit- 
ing frequently the regular octahedron as perfect as if it had been shaped 
by an artist, the dodecahedron is also common, and so is the spheriodal, 
arising apparently from the convexity of its faces, and the obtuseuess of 
its edges the average price of this class is thirty *Srinagari rupees, for 
diamonds of one retli weight 35 for two, 40 for three, 45 for four, aq4 ^0 
for those of five relti weight. 

3d. Sambarra and Charchara ; these are they which have given rise 
to the belief that the Panna mines produced only table diamonds, the 

specimens 


* The Snnagdri rupees is about ten per cent, less in value than the Sonat rupee, consequently 
it is about 1‘ourteen and a half or fifteen per cent, less than the Calcutta Sicca. 

F 2 
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specimens I saw were quite irregular in their cryst iliine form, appearing 
as if they had been broken by a violent blow, but they invariably cleave 
into thin tabular lamiuue, and as they are generally of a good water, and 
sell for a low price in comparison with the others, the jewellers ap- 

pear to find it more profitable to work them up, by setting them in rings 
or other ornaments ; their one relti price is twenty rupees, increasing 
according to weight as above stated. 

4th. Sengala pashmi, Ptra and Matta: these are yellowish green, 
yellow, and clove brown, and their crystalline form is multiform, the price 
of the one retti gem is fifteen rupees, increasing as above. 

5th. Rekatberar : this is the rose coloured variety, its crystalline form 
is alib multiform, it is not esteemed, and its single retti price is twelve 
rupees. 

0th. Kahij Oaras, or Jalidar : the first is black or very dark brown, 
and the second as its name implies, includes all diamonds that arc flawed 
or appear to continue filaments like a spider’s web : these varieties arc 
here termed Kajffi^a, or scum, but in England they are called bort, and 
there they are used in the arts for diamond dust to an extent unknown 
in this country, their price varies according to the size of the stones : but 
as they seldom, if ever, exceed one retti weight, the worst kind may be 
purchased for eight and the best for ten rupees the retti. 

The above list contains the principal names classed according to their 
relative value, but there are others, apparently founded on fancy alone, a 
recital of which would embarrass rather than throw light on the subject; 
the prices also must be considered variable, a purchaser coming suddenly 
into the market would as iufallibfy occasion a rise, as a deficiency of 

demand 



IN BUNDELKHAND. 


115 


demand would create a depression, a purchaser therefore should fix himself 
on the spot, and make his purchases gradually, by so doing, he would at 
least save the profits which now go to the merchants of Benares. 

Revenue of tite Mines. 

The revenue of the mines is divided among the Rajas of Pamia, 
Banda, Chircari, and Jaitpur, but by far the largest share belongs to the 
former. According to my calculation the Panna division amounts to about 
20,000 Rupees per annum, but according to Raja Pebtab Sink, who is 
the cffecicnt manager of the Panna state, it is 30,000 Rupees, and as his 
authority is likely to be nearer the truth than mine, I do not hesitate to 
adopt it ; this revenue is derived from a *tax, originally fixed at one-fourth 
of the value of all diamonds found in these mines below a certain weight, 
which, 1 believe, was rated at eight reitis, but the tax now levied is said to 
exceed this rate, and on diamonds above the eight retii weight there is no 
stipulation, taking therefore the aggregate of the Bmda, Chercari and 
.faiiimr shares, as equal to a fourth of the revenue derived by the Raja of 
Panna, it will not be too much to suppose that the produce of the mines 
amounts to about 1,20,000 Rupees pj^r annum. 

1 have now detailed with the utmost fidelity all the -circumstance^ re- 
lating to these mines as they occurred to me at the time 1 examined them, 

and 


* The tax of 25 per cent, was fixed in the best days of the nunes, when the produce was great- 
est. They are now, however, on the decline, and the natives are quite aware of the ciicumstaaoe 
the superficial extent of the paMta matrix appeared to me to be traceable, and consequently the 
question of its quantity falls wittiin the range of reasonable calculation, whether the nativee have 
drawn their conclusions from this view of the case, or whether they ate influenced in their jodgemenc 
by experience, arising from tlte natural result of their dnoghts from an exhaustible scource, 1 do not 
know, but to me it appeared, that these mines by the employment of a given force, might be exhausted 
within a given time, and that there is no hope of finding diamonds below the bed of thepoMa matrix. 
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and have endeavoured to throw into my narrative as much perspecuity as 
the subject is capable of ; still, however, the diamond is too important a 
mineral to be passed over in a hasty manner, and I trust I shall be 
excused if I here indulge in a few general observations. 

General Remarks. 

1st. It was formerly supposed that diamonds were ahvays found at 
the *same level above the sea, and it still remains to be proved whether or 
not there is any truth in the hypothesis, the following barometrical heights 
are deduced from actual observations made by myself. 

Kacha Matrix. 

Source of the Ranj river near Vdesna, . . . 

Floor of the mines of Sakertya and Udesna, 

Pakka Matrix. 

Floor of the mines near PawMo, 1.300 feet. 

Bed of the Ranj river due east of the above, 1.300 „ 

Top of its cascade near Ranipur, 1240 „ 

Source of the Bdgin river near ^rki, 1420 „ 

Floor 


1496 feet. 
1470 


* This hypothesis can only apply to diamonds in their native or rocky beds, and does not of 
course refer to transported diamonds which are found at various levels, but if the rocky matrix is uni- 
versally confined to sandstone of the same era, it is not unlikely tTOre may be some truth in it, at 
least in India, -for instance, the rock mines of Bangnnpilli appear to correspond pretty closely with 
those of Patina, and Captain Cuilen (Madras Lit. Trans.) says, that “ the route across the plain be- 
tween the nallamalla range and the table land at BanganpiUi, is about 800 feet above the sea;" now 
the town of BanganpiUi, from its position with regard to two rivers, (the Kund and the HuruJ which 
unite in that plain, must be still higher, and Dr. Hevne says, it “ is built at the foot of a low ridge of 

Ijjjjg ffom 100 to 200 feet perpendicular height on which the diamond mines are situated.” Dr. 

Heynes estimate of the height of the diamond ridge is conjectural, and may, as is often the case, in 
estimates of height made by the eye be rated too low— upon the whole, therefore, I think, there is 
reason to conclude, that the diamond bed of the BanganpiUi mines is at least 1 100 feet above the sea. 
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Floor- of the mine of JKamflrij/tt, 1380 feet. 

Bed of the jBog’m river due south of them, 1380 *„ 

Floor of the mines of Hrijpur, 1200 „ 

Bed of the Hagm river exactly opposite, 1250 „ 

Matrix swept away. 

Top of its 1st cascade, 1120 feet. 

Transported Diamonds. 

Bottom of 1st cascade, .900 feet. 

Bottom of 2d cascade, 700 „ 


From this list it would appear that the rock matrix of the diamond in 
the Panna mines has been swept away at an elevation of 1100 feet, and 
that its lowest position in situ is between 12 and 1300 feet above the sea. 

f 

2d. The contracted limits of this diamond tract has already been men- 
tioned, as a peculiarly striking circumstance; the same kiiid of sandstone 
as that in which the diamond is found, extends far beyond those limits and 
wdiy does it not contain diamonds also ? to this question I can only reply 
by the following explanation ; on the north, the scarp of the Binddchal 
hills rests as a point d’appui on a low ridge of sienitic granite and the 
plains of Bundelkhand exhibit primitive rocks throughout — therefore ex- 
cepting transported diamonds, none can be expected ia,that qqarter;oa the 
south, lias limestone stretches along the outline of the counterscarp of the 
second range of hills — and here again (excepting the diamonds of the coun- 
terscarp) none are ever found-^being perhaps buried by the overlying 
limestone ; on the west, the sandstone becomes thinner, being often little 
more than a mere capping; tho conglomerate, form is alsO;^ frequent, but in 
the diamond tract it is remarkable that there is no other conglomerate 

G 2 than 
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than that which contains the diamond ; moreover, black bituminous shale 
rises t<r the surface near the village of Sahigerk, though in the diamond 
tract I have never seen it with less than 400 feet of sandstone resting 
upon it ; on the east, the sandstone continues pretty much the same, and 1 
cannot offer any satisfactory reason why diamonds should not be found 
eailt of the Ckeyla Nadi, which at present is considered to be their eastern 
boundary. 

.3d. I have endeavoured to show that the rocky matrix of the dia- 
mond of Panmt is situated in sandstone, which I imagine to be the same as 
the new red sandstom of England; also, that (if the transported diamonds 
are excepted,) there is at least 400 feet of that rock below the lowest dia- 
mond beds ; and further, that there are strong indications of coal, under- 
lying the whole mass ; how far this may agree with the *geological posi- 
tion of the same description of mines in Southern India, will best be 
s^cn from the following extracts. 


As far as 1 understand, Dr. Hevnu, in his tracts on India, pages 103-4, 
the hills which surround the rock mines of Banganpilli, are composed of 
slate clay, and his aoceuat of them reminds me much of Punna, he says, 
“ they are straight at top, and usually level for some extent,”’ so that 
. even 


* Mr. Mawe says, “ the diamonds of Brazil, like those of India, are found in a loose gravel, im- 
mediately incumbent on the solid rock, and covered with vegetable mould and recent alluvial matter. 
This gravel consists prinoipaUy of various mixed witli sand and oxide 

of iron in some parts which he visited, he says further, “ the gravel is cemented by means of the 
oxide of iron into a considerably hard conglomerate forming rocks and low hills, in the sides of which 
are wate^r-ctiurses' produced by torrents du!rin||[ tie' rainy seasoa/^in these hollows, diamonds are not 
unfrequently discovered/' and he concludes by saying, that “ if ibis conglomerate is not the real ma- 
trix of the diamond, its true geological situarion is unknown/* ^Mawe on Diamonds.) Tiie matrix of 
Mr. M^wk appears to il^sbknble tiiat of the trtiiisported diamonds of tlie Panha mines, and as far 
at I can ^dge by deacs'tptioiii itaeema stili nearer to reaewible t&sc of Southeco India* 
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even villages are built on them — he saya also, that “ the water of the 
wells is brackish,” a strong indication of their saliferous nature, and fur- 
ther that the country about Bangfmpilli is sandy and stony, and that 
the stones arc chiefly conglomerates, composed of silicious materials.” 

With respect to the rock in which the matrix of the diamond is foond, 
his description is as follows — “ the solid rock of the hills (which by the 

f 

hye is not quite destitute of diamonds,) is an aggregate, consisting chiefly 
of a coarse grey hornstonc, with rounded pebbles of the same spe- 
cies, but of a fine variety of stone, or of jasper, of different colors ; at some 
depth, this rock becomes ferruginous sandstone, the grains of which are 
finely cemented together, and this kind of stone usually forms the roof of 
the floor of the mines ? the floor is generally of a reddish brown color 
with shining particles, and strikes fire with steel again he says, through 
this solid rock the miners must make their way before they arrive at the 
diamond matrix. 

Dr. Voysey’s account of these mines is “ that the diamond matrix,” 
in its rocky state, is “ a Sandstone breccia it lies under “ compact sand- 
stone, differing in no respect from that wbiOh is found in the main range, it 
is composed of a beautiful mixture of red, and yellow jasper, quartz, chal- 
cedony and hornstone, of various colours, combated together by a quartz 
paste, it passes into puddingstone composed of rounded pebbles of quartz, 
hornstonc, &c. cemented by an orgillocalcareous earth, of a loose fnable 
texture, in which the diamonds are most firequently found.” 

The apparent discrepancy in these accounts is not irreconcilable — but 
Dr. VoYSEY is most distinct in his description, he says that the rock un- 
der which the diamond matrix is /o^nd, is compact sandstone, smd that it 
differs in no respect from the sandstone of the main rang^ he did not see 

the 
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the floor, but Df- Heynf. appears to have done so ; and, if I understand him 
right the floor is sandstone also, for lie says, (page 105,) that the diamond 
bed is of the same nature with the rocks both above and below it, but is 
distinguished from them by its superior hardness, and that the floor is so 
hard that it strikes fire with steel, a peculiarity which equally applies to 
the^anna mines. — Dr. Voysey arrived at the following conclusions. 

1st. That the matrix of the diamond in the mines of Southern India 
is the ^sandstone breccia of the “ clay slate formation. " 

2d. That those found in alluvial soil are produced from the debris of 
the above rock, and have Iveen brought thither by some torrent or deluge, 
which alone could have transported such large masses and pebbles from 
the parent rock, and that no modern or traditional inundation has reach- 
ed to such an extent, v . 

3d. That the diamonds found at present in the bed of the rivers are 
washed down by the annual rains. 

1 cord’ially agree with Dr. Voysey in the general result of his conclu- 
sion, because I am satisfled that the same circumstances are applicable 
to the mines of Purina, but I nevertheless differ from him in two points ; 
1st, £ could not trace any likelihood of diamonds being washed away by 
any natural causes now in operation, such as the annual rains — they are, 
in general, too deeply covered with soil, even ip thmr most superficial 

beds 


* As it appears Trom his description that the pebbles are rounded, perhaps the term conglome- 
rate, or puddingstoiie, would be better than breccia, at least it would be more in accordance with 
verms already recogiii/ed. 
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beds to admit of this conclusion, and such only as might have accidently laid 
on the surface could be so transported.* 2nd, I cannot agree with his nomen- 
clature with regard to t “ clay slate formation,” because he himself says, that 
in using the term clay slate, he does not mean the Thonschteffer of WeuneS, 
which is the only recognizable term for that rock according to the Werneriaa 
system, but excepting these two points, I have found great accordancie 
wiili his result, and am happy in having it in my power to express it. 

4th. There is another circumstance to which I must advert, but I do 
so with diffidence and under a hope that it will be considered merely con- 
jectural. Dr. Brf.wstf.u supposes the diamond to have originated like 
amber, perhaps from the consolidation of vegetable matter, and that it 
gradually acquired its crystalline form*, by the influence of time and the 
sloAv action of corpuscular forces ; the late Dr. Voysev adverted to this 
opinion in his account of the diamond mines of Southern India ; and on 
the occasion of publishing an abstract of that paper in his Journal of 
Science, Dr. Brewster observed that he saw no reason to alter his opi- 
nion : now as the rock matrix of the diamond of Panna appears in some 
respects, though not altogether, to resemble that of BanganpUli in South- 
ern India, there would seem to be little chance of my conjecture being 
useful, still how'cvcr as every opinion regarding the origin of this fine 
mineral is as yet theoretical, I will not withhold what occurred to me on 
this subject, though 1 again repeat that I offer it with great diffidence. 

The 


My meaning with regard to this point of diflcrence is, that I consider the transported dia- 
monds to have been chiefly swept away by diluvial action, and that alluvial agency naust have 
been very inconsiderable, though I do not deny its partial influence. 

f It has occurred to me on reading Dr. Voysey's paper on the diamond mines of Southern 
India, that the rock which he has termed clay slate, may, perhaps, be the slate clay of the English 
geologists, or the secondary argillaceous schists or shales of Dj, Maccullock, which are associated 
with secondary sandstone ; Dr. Heyne mentions slate clay as being the chief constituent of the 
surrounding tocks in the Bcmganpilli mines. 


H 
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The theory of Sir James Hai.l on the consolidation of strata fre- 
quently recurred to me M'hen examining the sandstone in ■which the dia- 
mond is found ; I thought that 1 could discern much in favour of it, and 
particularly in the gradual changes of its nature, from the lower to the 
upper strata ; now if the principle of this theory is admitted to be correct 
and applicable universally, it followsof course that it must be applied here ; 
and then it may be questioned, how the diamond was preserved, under that 
•degree of heat which must have been necessary to form its matrix the 
gritstone ? In answer to this objection 1 suggest, that, the circumstance 
of calc spar occurring in trap rocks is somewhat analogous, and if it is 
admitted that compression under the weight of strata, and a siqjerincumbent 
ocean, had the effect of resisting the expavision of its carbonic acid and 
constraining it to continue in combination with lime, might not the same 
principle be reasonably enough applied, to account for the preservation 
and detention of the elements of the diamond in the gritstone ? and again, 
should it be further shewn that crystals, such as those with which v,e 
are familiar in nature, may be produced by slow cooling or other processes 
according to the above theory, may we not look to it also, to account for 
the crystalization of the gem 1 

This conjecture rests upon the truth or fallacy of Sir James Hall’s 
theory, or, on a modification of it, and when this theory is considered as 
the result of long and patient experiment, and the high reputation of its 
author is taken into account, it will require something more than limited 
observation, or ordinary ability, to answer its objections ; my part, how- 
ever, is merely the suggestion of a traveller, and I therefore conclude my 
paper by expressing a hope, that this important mineral may meet with 
more able investigation. 

VI. 


*'-^ee the Note appended to the article of Panna mines, p. 106 , of this volume. 
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Hills of Sitabaldi, Nagpur, and its immeduste vieimty- 


Bv THE LATE H. \V. VOYSEY, Es«. 


Assistant Surgeon His Majesft/s 67th Foot. 


The hill of SUdbald'i although agreeing in form and interior structure 
with other basaltic hills in its neighbourhood, merits a more particular 
dcscri})tion ou account of some peculiarities in the composition of the 
main rock, hitherto unnoticed by Geologists, and for the opportunities 
atforded by its extensive quarries of studying the varied structure of the 
rocks of the trap family, which is rarely to be seen in so distinct a manner. 

The mass of the hill is composed of porous basalt, with a semi-column- 
ar appearance, derived from numerous vertical fissures. It passes in some 
place8,'both in a gradual and abrupt manner into a coarse porous wacken 
or indurated clay, which in its turn changes in a similar manner to the 

nodular basalt or wacken, of which the northern and southern summits 

' ^ 

of 
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of the hill are composed, the junction of these rocks, the passage is 
sometimes so gradual as to give the intermediate rock an indeterminate 
character partaking of the tfature of both. At others, it is abrupt, yet 
notwithstanding the abruptness, of the change, the vertical and horizontal 
fissures are prolonged into each and cross the line of junction. 1 shall 
not here enter into a greater detail of these appearances, but shall con- 
tent myself with observing that the most satisfactory explanation of 
these phenomena, is derived from that theory which ascribes to the trap 
rocks ail igneous^rigin, under pressure of a great body of water. 

The semi-columnar basalt forming the greater part of the hill is very 
porous, containing numerous amygdaloidal cavities, which are for the 
most part merely lined with a peculiar mineral, which I presume to name 
*CQ/ic/ioidal au^ile; sometimes, however, they are nearly filled with it, or 
with calcedony, semi-opal, or carbonate of lime ; the calcedony being 
usually covered with a coating of green earth. The rock itself is com- 
posed of hornblende and felspar, with the augite, so profusely disseminat- 
ed, as to claim a right to be considered in some cases, as a constituent of 

i 

the rock. This is, 1 believe, the first time that conchoidal augite has been 
found entering into the composition of basalt. The rock is fusilfiet and 
is of considerable specific gravity, notwithstanding its porosity. The 
vertical and horizontal fissures are not always straight, but are at times 
waved ; they are also, sometimes lined with an infiltration of calcedony 
coated with clay and chlorite. 

This 

* From the difficulty of procuring Bpecinteus sufficiently large to analyse, I have not been ablo 
to determine its composition exactly. 

f I have lately had an opportunity of fusing a large piece of the SUabaUli basalt in a steel 
furnace ; the product after an hour’s fusion was a fine black opake stone, resembling porous 
obsidian : glass bottles are commonly made in the Mediterranean from basalt, and that of 
baldi aeeniji^to be of an equally favourable nature for that purpose. 
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This rock is succeeded by an indurated day or wacken, which at its 
junction with the basalt, frequently partakes of its semi-columnar struc- 
ture, the vertical fissures being prolonged into the wacken, and the shi^ 
tose structure of the latter extending into the basalt : these changes may 
be very favorably seen in the fosse, wj^ch surrounds the fortification. 

The indurated clay or wacken seems to form but a sifiall proportion 
of the hill, as it is not seen in the hollow betwe m the greater and less 
elevation, the semi-colmnnar basalt being therc/^ccrered by any rock. 
It also contains crystallized carbonate of lime and semi-opal, but calce- 
dony coated with green earth, is the most common mineral Ibund in it. 

This rock passes into the nodular wacken, which, on a cai\ual inspec- 
tion, appears to be a collection of stones rounded by attrition, and involv- 
ed in a matrix of clay ; when examined more carefully it is evident that 
this appearance is owing to a peculiar modification of the concretionary 
structure, developed by decomposition. Nuclei, of various sizes, are enve- 
loped by concentric lamellm, which peel off as decomposition destroys 
their cohesion. They are consequently seen in various states of decoy 
and of sizes, varying from several feet in diameter to several inches. But 
their true nature is easily discovered by the mutual indentation of the dif- 
ferent lamellm, which surround their respective nuclei ; the centres from 
which this pseudo crystallization has proceeded. The existence of the 
vertical and waved fissures, need scarcely be adduced as farther proof 
that they are not the product of alluvial detritfis. 

It appears most probable that they owe their forms to molecular 
magnetic attraction, since they contain a very large proportion of oxide 
of iron (nearly twenty -five per cent.) as may be jperceived by the great 
specific gravity of hand specimens. 

I 2 


The 
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The nodular wacken basalt, is one of the most common forms of 
trap in the extensive districts, composed of the rocks of this family, south 
*of the Nermadd^ 

It occurs perpetually in the exl^nsive and lofty range of mountains, 
situated between the Purna and Tapli rivers, and appears to form their 
principal mass. It is found equally abundant throughout the whole 
of JBerar, part of the provinces of Hyderabad, Beder, and Sholapur, and 
appears to form th« basIPof the great western range of trap hills, which 
separate the Konkan from the^intcrior of the Hekhin. 

It is probably one of the main sources, when decomposed, of the 
blank diluyial soil, to^which Hindsuthmi ow'es so much of its fertility. 
The valley or extended plain of Berar, that of Ilasanahad, of Seronj, 
of Nandidl'a, south of tho Krishna, of the Pdlndd, bordering the Krishna, 
and numerous others, all lie near the course of rivers, which at some 
former period have covered these plains and formed their extensive depo- 
sits of alluvium. Whether the deposition originated in some sudden and 
partial inundation, or whether it was owing to the gradual subsidence of 
the waters of the great deluge, I think may be determined by cautious 
investigation ; I am at present inclined to think that the most probable 
cause was the latter. 

. , ' ' -jf- ■ , . 

The hill of SUabaldi offers favorable opportunities, if the quarries 
are extended, of ascertaining positively whether the basalt is merely a su- 
perficial deposit, or is deeply connected with a mass beneath. It is sur- 
rounded on all sides by gneiss, pp^.slaty granite, which is found at the 
base of the hill a few feet deep. Perhaps Nagpur affords more opportu- 
nities than any other part of India, of studying the geological history of 
these rocks, as it is situated near the junction of the primary and over- 
lying 
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lying rofcks. Numerous opportunities must arise during the excavation of 
wells and baths, of ascertaining the connexion of the strata beneath. A 
well in Mr. Alex. Gobuon’s garden, near the base of the hill, of about 
forty feet depth, penetrates through three or four feet of black soil, suc- 
ceeded by a magnesian siliceous ol^yii^wbich appears to owe its origin to 
the decomposition of the gneiss, by which it is immediately followed, and 
which continues to the bottom of the well. 

From the summit of the hill of We di^erence. in the out: 

line of the rocks eastward is very perceptil)le. * The flattene4 summits 
and long Hat outline with the numerous gaps of. the trap hills, are 
exchanged for the ridgy, peaked, sharp, outline of the primary rocks. At 
Itamtek and its vicinity, the rocks are of graninte and gneiss. . At Dd/t- 
j^rl, at Palora and Parsunt, are found crystallized marbles., passing 
into gneiss, capable of receiving a fine polish. Some of them contain 
a small quantity of carbonate of magnesia. A# KJiorari, a dolomite or 
magnesian marble is found also in gneiss. At I^ayaMitd, Parsmi, and 
the bed of the Pesh river, granite and gneiss of various kiqds, also 
quartz rock and sandstone ; and foliated black manganese ore is in great 
quantity. 


* Captain Bayley’s plates of the Battle of Sttabaldi, give a very correct idea of the flat 
outline of the basaltic trap hills at Nagpur. 
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OBSERVATIONS 

ON THE 

1 

Geological Appearances and General Features of portions of the 
Malayan Peninsula^ and of the Countries lying betwixt it 
and 18 ^ North Latitude. 

By captain JAMES LOW, 

Qf the Madras Army. 

It is with extreme diffidence that I venture on this subject, as it is one 
which cannot be fully elucidated without a much more extensive research 
than I have had it in my power to make, and a higher degree of 
geological knowledge than 1 possess. 

Since, however, the countnes alloded to, have not hitherto tifeen geo- 
logically described, and as political circumstances preclude British re- 
search from a wide portion of these interesting regions, the Societjf will, 1 
trust, receive with indulgence the results of my personal investigation. 

The grand general features of the Indo-Chinese regions seem to be 
alternate ranges of hills stretching nearly north and south, and conforming 

occasionally 
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occa8i0J>,i|y to the general direction of Peninsular Tracts, and of valleys 

^f^yj|rious breadth, through which flow large rivers. 

y\' * 

The principal ranges are, that which divides Asam from Ava, thi^ii 
the Siamese and Ava range, next the Siamese and Camhyan, and again 
the Canibyan and Anam range. The "‘continuity of these appears to be 
most liable to interruptions as they approach the south, and none of them, 
as far as my information extends, can be compared in height to the 
secondary ranges of those lofty Himalayan mo^^ains, from which they 
are evidently offsets. The broadest valley seems to be that of Am, and 
the narrowest the Cambojan one. The general inclination to the south of 
the whole of the regions lying betwixt Jiengal, and the sea of Skamscatka, 
is apparent from the course of the rivers beihg in ■ that '^direction. ^ From 
regions contiguous to the sources of these rivers, the tide of population 
which overspread the southern plains, appears to have flowed, a position 
which might be illustrated by the affiuilies of luuguages. 

The Lulo-Chinese ranges are in so far as we yet know covered by 
deep forests. It is only, therefore, in the ravines, formed by torrents, and 
on the face of an occasional precipice, that their structure can be conjec- 
tured ; and these facilities are available at but' a very few points, owing to 
the wildness of the countries in which they occur, and of the barbarous 
hordes which roam over them. 

I will begin with that part of the Malayan Peninsula lying in about 
4® S. latitude, and keeping ott the w«ht coast. This point is, in the Perak 
coi^tty, which is governed by an independent Malayan Chief in alliance 
with i^e British. From this last circumstance we may hope in time to 
gain a more perfect acquaintance^ith its geological peculiarities. 

K 2 
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Close to the entrance of the Perak river are the^^ JSow^^Jslands, 
hilly, with rocky shores. Granite seems to be here the iffiOvailing rock;. 
The plains of Perak are chiefly alluvial, up to the line where a marked 
ascent towards the central range is discernible, and which may, perliaps, 
be averaged at fifteen miles from the sea. The range in question is a 
portion of the great N. and S. one, which divides tlie Malayan Peninsula 
longitudinally. The rivers to the eastward of it consequently disembogue 
themselves into the Gulph af Siam, while those to the westward enter the 
JBay of Bengai and the Wiaeca Straits. This range, generally, considered, 
lies nearei' to the ixresi than toihd east coast of. the Peninsular. Where it 
bounds Perak on the east, it is both lofty, and, in so far as observed, con- 
tinuous. Gold has been found in the beds of some of the mountain tor- 
rents which jmn the Perak river. From specimens of ores of gold, found 
in the hills east of Malacca, it would seem that the matrix is most fre- 
quently quartz. That the Malacca Penmstila was the golden Chersonese 
of the ancients, caimot now be proved, but it yields at this day gold in 
sufficient abundance to render this position probable. The granite forma- 
tion appears to predominate amongst the Perak hills, and in it are found 
the veihs of tin from which the Dutch formerly derived much profit, and 
which now yields valuable supplies of that metal. The mines must be 
very rich, since even at this period the native workman seldom digs above 
ten or twelve feet below the surface, and often contents himself with merely 
washing the soil taken from the beds of rivulets, and separating the oxyd 
of the metal in the shape of a black sand. The oxyd of antimon5^s also ob- 
tained ia large quantities amongst the bills, but my specimens being pure I 
cannot specify the roeks< with whiohilliey ore asseeiated. Lime is also (ac- 
cording to native formation) obtauied, but its nature and locality hayenot 
been ascertained. From some native accounts also it seems not improbable 
that coal will be diseovered in this track. JPe^ is a fine country, watered 
by a river of a very picturesque nature, and it contains a considerable 

population 
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Qhineae and Malaya. Ftom Pemht northward.^ to Penang, 
coast is level, with a few detached hilU, not characterized by any 
^^aliar feature, which might contrast them with those we have b^en 
describing. Penarkg, it is well knpwp, exhibits an alira^t exclusive 
granite formation. The granite is, for, the most part, grey, and decom- 
posable, generally .flaking oflT by exposnre. It protrudes at the summit 
of the hills, and may he found lining their base. Mica occurs occasion- 
ally in pretty large masses, and white qnartjj, regulayly crystallized, is 
found sparingly. On the shorea of several of lyiog <?ff 
it on the south-east, conglomerate riugeii with oxyd is found as 

well as the usual granite. 

That part t>f the great peninsular range in the latitude of Pemug, is 
much broken ; but many of the hills ‘are of conaiilerable height. The 
loftiest one, visible from Pmang, may perhaps stated at f^ur thousand 
feet. They are almost all rich in ores^cd tin ; and wore European scien- 
tific men to be permitted to explore them, we might expect to derive 
interesting results from their labors. A table land of CQ^siderakle cleoc^ 
Urn and covered witli grass, is reported, to h^ about north-east of 
Penang, in the centre of the great range. The jealousy shewn by 
the Siamese, has hitherto prevented me from visiting it. Marble is reported 
to be found in this direction; but no specimens have beaa obtained. The 
Malayan inhabitants are all friendly to the British. 

That portion of the K^^a, Coasts facing Pen^g, has evidently, in 
many parts, been rescued from jka sea. . The happened 

i» traditionally known, although it is coryoctured that it is not very 
if^lihite.: mounds of sea-sKeUs ,arO found about two miles inland. There 
are detached hills on this part of. jho: coast, which contaiii tin. 


The 
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The Kedda Peak (termed by the natives G^nong CAewfO* is an 
object of considerable geological, as well as geographical, interest. • Its 
height has not been correctly ascertained. It may perhaps be stated at 
three thous{|^d feet at least above the level of the sea, which washes part 
of its base. 

- ' ' • ' - 

The suinnoiit has not been reached, as far as I ant aware, by any 
European, although perfectly practicable. This has been greatly owing 
to the jealoti^y of the Siamese, From specimens of rocks and ores 
brought from tiiis hill by intelligent natives, who were sent by me to ex- 
plore it, I am enabled to state with some measure of confidence, that it 
principally consists of the usual granite of this coast. On the sea face 
is a cliff washed by a waterfall, where large crystals of white quartz are 
got ; — similar crystals were brought to me from a .spot near the peak. 
The summit is a granite rock, with a flat termination of a few square 
yards bare of vegetation, and accessible with difficulty. This mountain 
contains gold ; and tin ore was formerly obtained in large quantities on 
it. Various ores of iron u'ere brought to me from it, and it is probable, 
that many other valuable minerals may yet, bo found there. This moun- 
tain abounds with all the valuable woods of this coast, amongst which 
are several kinds of fir. The inclination of the bill is apparently to the 
cast, and there is a very remarkable break (of six or seven hundred feet, 
judging by the eye and telescope, at tlie distance of ten miles,) in the 
rock, east of the peak, which may have been caused by an eartfiiquake. 

The latter phenogienon,;it may be^iremarked, is not followed by such 
violent effects on. this coast, as on ^e Island af. Sumatra, and on Java, 
The existence, however, of hot springs in various parts of the central 
range, indicates the prevalence of mineral substances, of which specimens 
have not yet been obtained. 


Advancing 
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Advancing northwards from Gunong Cherai, and passing the month 
of the Kedda river, w^ich takes its rise in the central range and fertilizes 
an extensive track of rich soil, the first object which attracts the atten- 
tion, is the elephant rock, a short distance north from It is a 

dark mass of granite seemingly, and it shoots very abruptly out of the 
forests to the heiglgtv perhaps of four hundred feet, 

The coast continues low to the northwards of this point. Turning 

to the /s/aMdi, we find granite still prevailing, biit here in the 

“ bird nest ^ocks,” we are enabled to note the soothbm termination in 

this line of the limestone formation which has been traced by me up to 
► « 

the northern boundary of the Martaban province. I have no doubt, that 
detached lime rocks abound in the central range, but they are not con- 
nected with this formation in so far as we yet know. The first decid- 
ed indication of the presence of lime, was observed in a perforated 
rock, lying otF the N. E. side of Pulo Trotto. 

The calcareous rock is here much tinged by oxyd of iron, and mixed 
up with different earthy substances. The strata are inclined to the west 
at an angle of about 30®. 

Several miles north of this point, the Trang rocks begin. The first 
of these was visited by me ; but it merits much narrower inspection, 
than time permitted me to make. 

It is a huge mass of heterogenous rock rising out of the sea to the 
height of about three hundred feet. Its shape approaches to an oblong 
square, and it is rendered inaccessible by cliffs. The whole seems in- 
clined at a slight angle to the south. 

L 2 
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From the decomposing nature of the surfac^; it would be no easy 
task to arrive at a speedy conclusion respecting in wlu>le structure. It 
appeared to me to rest on a granitic base, covered by various admixtures. 
The superi)|pambent mass is heterdgenous. Lime stone in various stages ; 
veins of quartz and ores of iron are most prominent ; calcareous incrusta- 
tions line the hollows of the cliffs ; where also the agai^ mineral abounds; 
— and the cliffs are, in home places, curiously marl^j^by broad vertical 
ribbon-like streaks, varying in colour according to the strata from which 

the water, containing the dolouring matter, has flowed — ^white, black, and 

/ 

dark bluish, ' and 'slate colours, ‘ are most frequent. At the south end 

about half way up the cliff, there are magnificent natural arches. The 

♦ 

grotesque calcareous stalactites, which depend just over the entrances to 
these, give them, as a whole, the aspect of a decayed gothic ruin. 


A cavern has been formed quite through the north end of the rock by 
the action of the sea below, and the gradual decay of the structure above. 
Stalactites here abound. 


Our boat carried uS into the centre of this cave; it is gloomy, but the 
roof is perhaps fifty feet high, and dome-shaped though rugged. Here 
were observed flimsy ladders of flexible cane, stretched betwixt projec- 
tions of the rock, and on emerging from the cavern, similar ladders were 
observed to have been arranged up the face of the cliff, in a zig-zag man- 
ner, here fastened to a jutting point of rock — there reeved through a 
perforated angle. These had been thus placed by adventurous Malays, 
in quest of the edible birds’ nests. Their trade is more dangerous than 
that of the samphire gatherer, or the Hcbridian Birder ; but it is more 
profitable than either. Several of the birds’ nest islands, in this line, 
have been so tortuously hollowed out by the slow operation of ages, that, 
previous to going in,' the nester fastens to the entrance the end of the clew 

he 
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he takes with him, that he may not lose his way. On these occasions 
they use dnmmer tdrehes. The eye of the swallow which builds these 
nests, must be peculiarly formed to enable it to work and nestle in such 
a labyrinth, where total darkness prevails. 


A pocket coiipass was placed close to that part of the cliff, which 
seemed most Stroh||^ impregnated with iron ^ but it was not affected. 

Near, and to the north of this rock, is *a, very rocky island, termed 
Ka Peso by the Siamese, because, in their legends, it is related, that an 
undutiful son having denied assistance to his parents, out of the profits 
of a successful voyage, the gods sent a storm which drove his vessel to 
sea, where it was transformed into this rock. 


The general Structure nearly corresponds with that of the rock just 
noticed ; but it has a most singular aspect from a series of peaks which 
ri.se from it — bleak and striated, and which, on a near approach, resem- 
ble the chimnies of glass manufactories. The geological features of this 
island may be best seen at the north end, where large masses have fallen 
from the cliffs. Here granular magnetic iron ore imbedded in a calcare- 
ous and micaceous gangue, was found in considerable quanUty. A nearly 
similar sort of iron ore abounds on the high ground on the main land, at 
the entrance of the Trang river. 


These rocky islands are adorned by numerous beautifully flowering 
shrubs and trees, and are frequented by the white sea pigeon (Columbadel- 
maris), and by birds of passage. A coarse coral bottom prevails around 
each ; but the depth suddenly increases at the distance of two or three 
hundred feet from the shore : oysters are abundant. At the north side of 
the narrow entrance to Trang harbonr, in N. Lat. 7® 20’ is a remarkable 

calcareous 
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calcareous rock, with several caverns in it. The carbonate of lime, in 
conglomerated masses or in stalactites, is here much fiurer than that found 
amongst the islands just described. Several of the stalactitic masses are 
bell or fun t^ »shaped. the apex upwards, and when struck, ar ^f ound to 
be remarkably sonerous. These are all tinged with iron. ' ' 

Pulo TiliboHf which forms the northern aide, ^Aibits granite and 
iron stone, with veins of quartz in it. From all mat I have seen, it 
should seem that the lime formation becomes more compact and pure, as 
it is followed in a northern direction. 

The rock in question contains a detached portion, having a stratified 
appearance, and inclining to the S. E. at an angle of about 3.5*. In one 
of its caves were observed twelve human skulls, laid out in a row. They 
were those, the Siamese said, of Burmans, who were slain in those wars, 
when they attacked and destroyed TUihon. Part of the stockade, which 
surrounded the town, was yet standing, when I visited the spot in 1824, 
about fourteen years after its destruction. The thick planks, or beams, 
were quite sound, and very hard. The tree, from which these durable 
walls had been obtained, is the Mai-he-um of the Siamese, and the Rayu 
gitlah of the Malays. 

The Trang river is broad — with a high ridge running at right angles 
to it, on the west side of the entrance. Granite rocks here protrude 
through the soil, which is red and ferruginous. The shore is overspread 
with lumps of micaceous iron glance very fusible. The iron is in small 
rounded particles — black, but yielding a reddish streak, and when reduced 
to powder, adhering to the magnet. The matrix is a brown ochre, which 
soils the fingers. The quartz, which is found imbedded in the granite of 
this coast, is generally very lammellar, and the plates transparent. There 


are 
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are several hills discernible from this place ; but little inforhiation was 
obtained regarding the ^reat range. The young Raja of Ligor informed 
me, that the pass, betwixt the hills, is difficult ; but as he M(^e his ele- 
phant thd^whole way on several occasions, his accopit is no ^oubt exag- 
gerated. 

Most of the sniall islands, lying betwixt T^ang and JwUc-ceylon, seem, 
for the greatest part, composed of granite. It prevails in the latter island, 
and here again tin appears in proximity to, or. interspersed in it, and its 
debris. 

A range of hills, the highest of which, I believe, will not be found 
to exceed one thousand feet, stretches longitudinally through the island, 
with one large break in the middle. The island was probably once joined 
to the mainland, since the Papra Strait^ which separates the two, is 
narrow and rocky. The island, when I visited the interior in 1824, had a 
population of six thousand souls (Siamese.) 

The tin formation seems to run in a continuous line from the southern 
extremity of the Peninsula up to about 15“ N. Latitude. Beyond this point 
neither Barmans nor Siamese have discovered any mines. But as the 
countries, lying on both sides of the great belt of mountains, are, perhaps 
to a distance of twenty miles, respectively, from the skirts of the latter, 
inhabited by wild tribes of Karians, uninterested in the search for this 
metal only, it is probable that tin does exist in th^e latitudes. It shews 
itself again in 'Thamph, one of the provinces of the Sk&n, as the Bur- 
mans term the inhabitants, and lying, if I can depend on the distances 
given to me by natives of the country, in about 20“ N. Lat. and Long. 99*- 
100. The natives call themselves Plan. They are shorter in stature than 
the Burmans, and their features partake much of those of the Chinese. 

M 2 There 
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There the tin ore occars in beds of streams mixed with sand. The 

n' 

natives do not dig mines to get at it, owing perha;^ to its being of little 
value at such a distance from the coast. They have, however, by their 
own accounts, valuable, .^ead ores, which they reach by deep shafts. 

In Captain Forrest’s time, when Junk-ce^n was visited by numerous 
native traders, the mines yieldjed an average annual quantity of five hundred 
tons of tin. But as the population has been reduced to about six thousand 
souls, and asjthe Siamese have mines closer to their capital, a very small 
supply only is now taken from the island. Perhaps it may be rated at one 
hundred Bahars of 446 lbs. averaged each. A Chinese smelter informed 
me, that he could aflbi’d to produce tin at a cost of one-half at the utmost 
of the market rate. The minersdigpits of from twelve to twenty feet deep ; 
but seldom venture' a lateral shaft. The ore is generally in round or 
oblong masses, with well defined crystals, and in a matrix of quartz, or 
bedded in masses resembling half decomposed granite, yet of considerable 
hardness. 

The furnace in which the ponnded ore is smelted, is made of a com- 
pact of clays and earths, is oblong in shape, and about three feet high. 

Si 

Alternate layers of ore and charcoal are put into it, and tlie usual hori- 
zontal tube bellows of the Chinese, is kept incessantly at work during 
four complete days (of twenty-four hours) and one night, when the fur- 
nace is cleansed. After some hours labor, the tin makes its appearance, 
and is run into moulds^pd the furnace is fed with more ore and fuel. 

The Bay which stretches N. B. from Junk-ceylon, is re- 

markable for the magnificent rocks, with which it is studded. At the 
distance of ten miles, they appear like huge ariificitd pyramids ; but ou a 
nearer approach, their outlines change to columnar, or massive. The 

principal 



MALAYAN PENINSULA. 


130 


principal rocks occupy a line of aboutfSten miles, in a noTth eouth 
direction. The northern extremity lies behind the town. an4 valley of 
PHnga ; the soathem msts in the sea, ed)ii>ut four , miles from the mouth 
of the PMnga river. Their direction^ therefQre||is nearly, that , of the 
Tntng rocks. The part of the range, lying in the sea, consists of nume- 
rous detdehed rocks of dilTeemit elevations, and mostly inaccessible. The 
height does not in any instance, 1 should state, exeeedhve hundred feet, and 
seldom falls short of two hundred. One of theml^ a very columnar aspect, 
which might lead a distant spectator to suppose it .was ba^tio; They 
are all, however, chiefly composed of, I suppose, primary limestone, 
and like the rocks which have been already described, exhibit no traces 
of organic remains. ‘**8ome of the . Specimens of stalactite, which have 
been presented to the Society, ' were taken from one of a series of grottos 
in and near the base of one of the PMnga rocks. Tliesc. vcavems are 
about six feet above high water mark. The roois are ,low, and seldom 
exceed, ten feet in height, and they look as if supported by the natural 
pillars of spart.^jWhich have been gradually formed by filtration from the 
top. Several of the stalactites have barely reached the floor — others 
touch the floor, and a double formation is going bn. The sides of the 
grottos arc lined with the same calcareous sptur. ° 

There is an insulated rock near this spot, which is perfonM^d by a 
grand natural tunnel. To the top of the arch the height is about twenty 

feet, and grotesque-shaped stnlactites depend from above the entrances 

> 

from the roof. A boat can get within the aich; 

The valley of PMnga is about three mi^ long , by one, on an 
average, in breadth, being ovabshaped, and Widest near the sea. It ;is 
hemmed in, to east and west, by roc^ and hills. Those on the west are 
least abrupt, and seem mostly granitic ; those on the east have a very 

picturesque 
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picturesque appearance, tind whert^ thp river washes their base, present 
perpendicular cliffs of four and five hundred fee^ They are even niore 
purely calcareous than the rockH at sea, for many look at a short dis- 
tance, as if^formed of^halk. This they owe to the agaric mineral. Tin 
abounds in the granitic hills in tlm vicinity of this valley. The great hill 
range of the Peninsula, was not observed fi^o^ this point, owiiig to the 
intervening rocks. But the Siamese chief informed me, that it must be 
crowerf in the route thence to the opposite coast of the Peninsula. No 
information could be expected from him, as to the rocks associated there. 
The population here is about eight thousand souls, including six hundred 
Chinese, and about one hundred Siamese priests of all ages. 

Passing to the northward of Junh-ceylm, the coast is bold for the 
distance of a degree; and lying about thirty miles off this line, are nu- 
merous calcareous perforated rocks, frequented by the edible birds’ nest 
gatherers. * 

From all accounts obtained from native travellers— from personal 
observation when sailing up the coast, and with reference to the narrow- 
ness of this part of tlie Peninsula — it has appeared to me that the great 
central range is here of less width than at any other point. But I 
cannot admit, that this circumstance, as some have imagined, should 
give any color to the supposition that any internal navigation is, or could 
be, rendered practicable betwixt the Bay of Bmgal and the Gulph of 
Siutn. I have before in|||||native plans, in which the hills arc laid down as 
continuous. At any r^te, the incli^tion of the coiputries towards the 
Gulph of Siam on the one side, and the Bay of Bengal on the other, is 
so great as to prevent the risers which flow over ^hem from being navi- 
gable to good sized boats, beyond pcmaps ten or twelve miles from their 
mouths. 


The 
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The sources of two rivers may within a Hw m^iles of each 

other on opposite sides of a hilF or^ range— -yet the^spot where they 
respectively lose the n^eof moiintain ^rrents^ 'and become navigable, 
may be very widely asunder. It is true, that by running up the Kra, or 
any other stream in a boat, a traveller may get two oi^ithree days 

march of the place of embarkation on a river ontii^ opposite coast: and 
this is all that can, with ^r preseiit information, 1^ admitted. ^ All the 
rivers on this coast are wide, and some are deep at th^f^: mouths ; but, 
with the exception of the Tenaserim and Tavey rirers, which incline to 
the northward and avoid the hills, they suddenly tract and grow' 

'V''" 1 .. ' V 

shallow. Tin abounds betwixt Junk-ceylon and Mergm. 

The coast of Tejiuicrm, from 10“ to 12“ JMy N. is shut out from the 
ocean, by high and generally. rocky islands 

Those which form the west side of Forrest'' s Straits, up to the N. point 
of Domel, in 11“ .‘V N. (instead of 11* 21' as he gave it^, are well wooded, 
and arc ch^^ composed of granite. Domel is a fine island, twenty 
miles in length, by twelve, or thereabouts, iu breadth, with a rocky coast. 
On sailing past a spot, described and sketched inll^SEST’s work, and at 
which he mentions having tj^eh in marble' hallaat, I could only ^nd a 
great quantity of large smooth boulders of quartz, which had been asso- 
ciated with slate ; for, upon inspection of the coast, thick str^ of soft, 
black slate, with veins of quartz, were discovered. • The slate ||tad, in 
some places^ an admixture of^ iron ore. 

In coasting ‘Home/, the hillS bh'the mainland ate; distinctly perceiv- 
able. ' The highest point wast conjectured to'.]^,hhout thiri^ thousand feet 
high. These hills belong to the gre8||range in all probability. The highest 
peak of St. Matthew's Island, may be nearly as high. 

V 2 , 


All 
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All the islands in this^ chain examined, shew bold coasts towards 
the sea. 

There is a considerable opening north ‘of Domel, where a distinct 
archipeHago of bleak JIft rocky islands begins, and stretching north and 
south. The belt is fofmed of four, or five parallel rows of islands, and 
maybe twenty miles in breadth. They Are inlaid down in the Charts. 
A vessel, I sailed in, pass<Eid through amongst them in coasting, and as 
the numerous dangerous rocks with which this hitherto unexplored track 
abounds, rendered it necessary to anchor frequently, I had opportunities 
of visiting mihiy of the islands. The channels are, for the most part, 
deep, and a vessel of two or three hundred tons can scarcely find anchor- 
age near many of the islands when within half a cable’s length of them. 

Their formation is primilive. The granite is occasionally associated 
with black shistose strata, or sandy slate. The specimen produced, was 
taken from a vertical stratum, of exceedingly indurated shist tinged 
by oxyd of iron. Lime rock was not observed to prevail.- ^ at several 
of the islands seem heterogeneously composed. Occasionally quartz, 
white and tabular, seen to pervade in broad veins the granitic 

rocks. ‘”' 

Seve^l “ birds’ nest” rocks are scattered amongst this group, and 
it may^ inferred that they are calcareous. Pearl oysters are occasion- 
ally picked up. The pggj js got from them are seldom of much value. If 
pearl beds of any d|gn||ple extent^ (|o exist, the practice of diving for 
them,’ as at might be applied witli advantage.^ The whole of the 

islands noticed, are destitat4|H>f any fixed population. But there is a tribe, 
termed Chalome and JPawe, the familiq| of which rove about collecting the 
birds’ nest, the dammer, the beche-de-mer, conch slugs, wax, scented 

woods, 
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woods, and other products of the islands. They Uve in covered boats, 
and appear inoffensive ; readily'^ bartering .the above articles for such 
merchandize, as the Surmans bring to 

' ir ■ . 

. The Siamese appear to exert very* little, ifl^b'^* controt over these 
islands. Their part of the coast terminates at CAau, a river of no 
consequence further than 4^t forms, according to Siamese opinion, the 
southern bodudary of the PrituA. possessions in this quarter. 

"V. 

Leaving this coa|jt for a space, 1 wil| now cross tjhe Peninsula, and 
endeavour to give as brief an account of such geological an^^pnneralogical 
notices as I have be^ able to obtain, respecting Siam. . , 

The sea, which washes the shores of the^ Peninsula on the east side, 

is studded with numerous islands, bold, an(|, for the most part, rocky. 

« 

The edible birds’ nests being here procurable from the caves, it is probable, 
that lime abounds in the rocks. Along the shores of the ChUmphan and 
Chafija disti^ill^, ferruginous strata are prevalent, and loadstone is said 
to be procured from them. 

. At Ban tapfian nae, ne|||^y in the latitude of Mergui, are the only 
gold mines now worked in Spam. The gold is either in the shape of dust, or 
found in a reddish earthy matrix To get this last kind of ore,%its of no 
great depth are dug. The ore is merely submitted to the, agency^f fire. 
It is not believed, that thesemiues yield annually more, gold, than would 
be valued at perhaps about 15,000 rupees. But||Pil^e nkiners (about from 
two to three hundr^ , it is und^tood) only mine^during three n^ppths in 
the year, and as they go very clnmeily and^.qg(il!tilfully..to %ork, the real 
value of these mines repains unknnwn. 


A 
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.r A diligent aajilMjr,* wliO; visited Siamt observes of the Siamese^ that 
“ neither their mines of tin, nW those of copper, lead, and gold, have ex- 
perienced the benefits 

. PreviouAito openiiKpa mine, propitiate tlie spirits of the 

ground and of the stream, by the sacrifice of cattle and poultry, and by 
offering up these and fruits on temporary alt^l^. This custom is equally 
observed by and ilfaluyatt miners, on opening gold or tin mines. 

With re$i|iect to thej^^ne^e, the . practice is a direct breach of the primary 
ordinance .ojt. their not to kill that which ha^ life,” and points to 

a period whenj^sthey '^orshipp^ Genii Loci, and other imaginary Dewtas. 
Cornelians are found, it is said, on this coast. 


of the in^stry and intelligence of the Chinese' 


Proceeding northward, till within about a days coasting of the Siam 
river, a hiljl, termed KMu JQjsng, or “ ihe red hill," appears on a point of 
land. The coast is covered with ferruginous earths and strata ; but of 
these no specimens have been obtained. Close to this place, and stretch- 
ing for the distance of ten or twelve miles northward of it, is a very 
remarkable range of pyi^amidal hills and rocks, termed by the Siamese 
“ Sam.' sae yat," OT||^t,he thrpe hundred peaks.” They vary in height 
from an hundred feet to perhaps, twelve hundpd feet ; some rise from, the 
sea, others are scattered on the main land. 

4 

Th^s account I .giye. from, native infonnation, although European 
navigators have incidentally alluded to them. They take from hence a 
kind of hone, (p.erha]^[|||||||||^^ ore), varying in colour from black to white. 

The, vulijpy of , chi^y allw^ial. scope of the annual 

>1'"* 

' . . V , > inundations 


*Mr. CnAuruROi 
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inundations of its river. The first rocky formation of any consequence 
northward of Bankoh, the capital, is at PraWf, ' three days by wnier, 
north*east of tli^ old capital, ahd where t^j^re is a famous impression of a 
foot of Buddha. The Siamese priests have long imposed this sculpture 
on their followers, who never douliiptheir assd^lbn, that the legislator 
alluded to stamped the iinpression with his own 

This Prahdt has been made’^n the solid'rock [A'graiiiite, if my in' 
formation is correct], which protrudes at top, and a stair has be#ll out Out 
of the rock to ascend by. A copper ore is said to be found-' On the flat 
grounds near this place. About fifteen -or sixteen''“tailBa’' O^ve’ Prahdt^ 
there is alow hill called Phra Chuuja, where granite, finmrny mfbmiation, 
prevails, and where the natives fancy they can trace on the face. of a rock, 
the lineaments of Buddha. Iron ores are found here> At on 

the south of the road to Laos, large quantitiesh of a v^y ithite argiliaceons 
earth are obtained, and red ores of sulphur are said tOl be broilght from 
this quarter. At Khordt they use, it is said, a plum-pudding Stone, or 
breccia, for building ; and at Napphabun, in this quarter, they find yel- 
low, red, and white ores of arsenic ( Reedgar?) a metal which enters largely 
into the Siamese Pharmacopoeia. The of hllls;‘ stretching N. E. 

from a point in about N. LatH0*‘On the eai^bihk;' of the river of Siam, 
yields ore of iron in great abundance ; and have, therefore, 

established a large party at T,hasung, a town lying on a branch 
of the river. They manufacture various ’ coarse articl€^ ‘of csutlery, 
which are rejected by the’ ' tbeMs iii" favour of foreign 

importations of that metal. Irdh mines AxisHmiPlbAt SdMtoihai, higher 
up the river. Th6 range of -Ikfla' dividing SmtA 'Laos, is 
continuous, according to every account I received from > native 

travellers, who invariably go most of the journey by land. They 
affirm, that there is no water communication across the country; so 

o 2 that 
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that the riiroir Amm, laid down by some geografkhers,'^ appears to have no 
0 

cxistenoer > 

The Me Nam, or great river of Siam, has been traced by me, in 
natife maps obtained people H Jjaos, up,to about 21° N. Lat. where 
are high hills aboundfng in hot springs. P,hokhau Lo^ang Prabang, a 
hill many days to the northwaM of Laoehdgt^ the south of Laos, yields, 
it is said, gold and preeiotoS stones. It may be the Mohany Long of Du 
Halde, wfaerey:he wserves, were to be found “ gold, silver, copper, tin, 
and red sttlj^ur.’’ ' KWhmMbdn, on the east coast of the Gufph of Siam, 
granite is braved to be tlie prevailing rock, and quartz-crystals, Ceylon 
diamond) and coarse rubies, cat's eyes^ and other precious stones, are col- 
lected, it is reported, in the vicinity. Steatite is found in Ligor. 

We now teturn to Tmaatgim. The high islands fronting Mergui are, 
I think, of primiti*® granite ; and King's [stand, with most of the lesser 
islands in its neighbourhood, present bold granite cliils to the sea. 

The hill, on which the town stands, consists of granite, decomposed 
at the snrface, with ifettch intOhlpersed in veius. The ochery ap- 

pearance of the soil, in ponaO^^places, indicates the presence of iron, and 
tin ore is found in^e $lream» at the base of the hill;--]ead ore is reported 
to exiist in the upper parts of this province. The rocks on the island 
forming thew^t side of the hM'bour, are strongly impregnated with oxyd 
of iron. In the vicinity of the febWtt^hrgtitacemif petrifactions are found. 
The clay contains Sonl^htte. But no marks are discerniMe near Mergui 
of Unie rocks^^Hihiise petrified <a*bs ^rte- obtained^ The province of 
Merged, or TioN<tu, abofind8 with tin ore, especially to the southward. 

The 


* Pinkerton and others. 
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The sea„ northward iox^moy* *# pretty free of islanik. jQKny‘;^amte 
is the prevailing primitive rock throughout the province of Tav(^.h 

There i» a low, range of hills, which stretches north and south* close 
alongshore, and. shuts: from the sea a^eat portioi||pf ; l^e province; nearr 
ly opposite to the town of T^xuor, opAhe. wesi hanliii^,the river at Keoam, 
is an elevated ridge of several miles in lengrit* wluoh is almost wholly 
composed of iron stone of different degrees > of coihpa^i^pA Qn the 
surface, the soil and gravel are reddish. Bqit on ah%h part ridge, 

is a rock very hard and fine grained, but not 8ri:iih4ed>^ tmd 
colour. It is strongly impregnated with irop^aihl. so m||j||aet;lc, t^,t a 
piece newly detached and of a pound in. weight^ih^ A 
grains in weight, in suspension. with few 

specimens could be taken off with an iron crow;. . This laiglTt, from 
its black appearance, be supposed of met^io^ri8>i®'f * evident* 

ly connected with the ft^niginops ftfram bopieath,,^ seems not to 
contain any nickel. i v, . , ■ 

■ ■ ' ■ '.''ft - . ■ 

Tavoy is a very hilly province, with the 

great centre belt, lies ahout ten to the 

main range there is a sacoesi^ of aof tjl^^aiid 
ally increasing in height, and having very, 4^ 

Through these valleys flow rapid streams , which,; after, puisiung the direc* 
tion of the valleys to varipios. ,4iitancee, find outletSi turning 

w estward flow through level Amfika until^they r^h riul; The nmte 
to Uie Nay Ddng Pa$< iDto.^%fa, .:liat ,«hoaAil jii|j ^^ Xwoy. . I 

performed tlie journey to thflpuswtd^^l^ 

as the road is impassable either to «leplmAtojpf.iup!rses. . Indeed the oj^jr 
paths, in some places, are the beds of mountain torrents. A dense jungle 
covers the face of the country, preeluiding the probability of satisfactorily 

* pursuing 
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pursuing geplogic^^l pursuit,, » The tin mines, lying three miles off the 
route, were visit^ by me. They do not here deserve that title, as the 
Tavoyers merely wash the sand of the streams, and collec]^.|^e fine 
particles of ore. The temperature of the a^is found to be about 64® or 
05® until eight or i^e o^ocb, andigljiiat of the water 68® (Fahrenheit's 
thermometer), sO^ thfjb'the workpien never begin their labour until that 
hour. As the population does not extend beyond the first range of hills, 
and^jSihe mines., are buried in .the forest far beyond these, the men are 
expose(l to.|he .attaehs of elephants and other wild beasts which here 


Other , mines of tin lie on vthe southern coast below Tayoy, and a 

”.V ' . 

met^r^-J^ack^ and sligh%j.Sparkling; o|^ of antimony has been obtained 
from the prpvii^, but its locality I am not aware of. 

Frequent vertjiaal or inclining strata of hard slate, and sandy slate, 
are found at intervals to lie across tlie path ; but wherever a bold clilF 
appears, scarcely thing except granite is visible. 

At f^ukyen, fifteen mUe^|||6rth«e<||tt^from Tq^, (n halting place or 
circular cleared space of the.,|6resO, and^ying a few hundred yards on the 
east of.the route^ j^guid^ shewed me a hot spring in the almost dry 
bed of a torrent. . 


The adjacent strata were, after many hours labor, laid bare, and spe- 
cimens were takien fro^ tl^e spot wl^re the water bubbled up. The rock 
appeam to be a itransi^jon slate, j>^^ng into limestone (for it effervesces 
slightly with an acid), and having thin films of pyrites betwixt tlie cubical 
portions which compose it. The water raised the thermometer to 144^/ 
The gas which escaj^ed was not inflammable. The pebbles around were 

incrusted 
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uicTti'fi6d ft calcftrcftil^^ftlt.'' The ^ftter haft ho pei^liAr^ ^ii fi»; ■ Theve 
is a'^dfthd oA the eastward of the spring ; but volcanic iifdictitiOna 
were'perceived in any direction. 


>'• 


The great Tenas&m rivir ^ed in in a t^ack, iflMi 

either perpendicular cliflh of grahifteJ^AftM^ it fn on both . 

sides. Its bed is strewed With lftr^btobkis of the iihi^*;*^rimitive rock. 
By leaping and stepping froih’ihe ^ the'bther of ihesC^#^‘^nsed%the 
cast bank. The breadth is here* # hi I can recoll^ei, (ih of 




in theWihy' :gc 
be ihN^nad to fix its 


looming, 


my notes) about thirty yards. It is qhite iro 
From the appearance of the stream here^ I 
source somewhere about 15’ SCK north. '1 
the Nftyc D&ng Pass, js abotit ^^!n]des>; 
fifty miles. It was foun<i imj^oisible to 

owing to heavy d^ws and mist, and the while ^ ^ Olion in 

getting over ten or twelve miles— so difficult Was the mUth rehdeied'by the 
necessity of crossing (often twenty times in a day; mountain torrents, and 
the streams they feed, and of amending rugged ^di of streams and 
ravines, where the guicks wqj^e not unMlqwtttt^hl fahlft^ A ooniideralSie 
tract of tableland was llfesed ov^hri%i||| rofe. The awrft^^jldi^peraii 
ture of Fahrenheit’s thei^^^r at^hli-^rfsO ett’— ^ 

74*. But it was often 72’ at th^ foi^er*iifei&d|^''^ the,Jitter. 

The rocks at the pass coiild not hO well eXftmined, dii|ij||||the thick 
jun^e— but the surface is evideritfy a" d^onij^iing giluftite. From this 
elevation, which I am notinCfilld 

four very distinct and higher ^ISesi^-jdllhfite'seen^ w^ 


* The month wai oaii' oil the diy ones. • 
P 2 
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frontier on the ea|t >^hile ttie lesser ranges otilihe Ttmnj side could be 
easily traced; ' ' 


From the view here obtained, I*' feel dilposed to allow forty miles 
at the least ft>r thelireadth of the wible spacb, in this latitude, occupied 
by hills. The rangei^'^e as nOarlj^'as may be parallel to each other. 

fh my oveifiand route to Ye, the sarfaiCe v(ras rarely found to exhibit 
any dttier <Jmn the granite formation — quiirtz was occasionally abundant. 


At JSn-2)»eu$ near Aan^, on the left of the road, and in the 

middWbf it^cite’UlAr level spot in the jutiglc, is a curious hot well. It was 
founti t<y1ii^^ quite marshy J^round,'’%it{ibugh it was visited in the hottest 


founti t^llh quite marshy ^|piround,^lt{ibugh it was visited in the hottest 
period of ’tli6 y^S^. It \i%l not' without difficulty that it could be reached 
near endU^'for’ eXlli^ndtioh^iiboth from the heat under foot and the 
treacherous nature*^ the soil. 


The well is abtKlit forty feet in diameter. By throwing a bottle attach- 
ed to a rop^; allowing an^gfow h^j^d, and pulling it suddenly 

liack, thi^temperature wUs fo^fc ^ of Fi4ftBNHEi«i But 4* more 

may be allowed for Uecidetilts; Not a rcHl^r' pebble could be seen near 
the well. A bleak tl^ angular, sharp and disintegrated, scrag- 

gy granitic rock lies a short distance to the northward of it. 

••I * . v', 

The water has not be^ examined by tests. From this hot fountain 

* ' o'. 

down to the Btdckaded foWh nf the small province of that name, 
the country falts^ rapidly (to lyhe s<|||p|.) ' A few detached hills are per- 
ceived a% intervals, ‘ahd bn the bast of the route a low granitic range 
stretches northwat^^risting on thfelsbath at Tai;<nf Point, and to the north 
in Martaban PrjMuncf^ , ^ 


The 
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.The low hill, on whi^l^e stockaded town of , y^ ^tapde» exhibits no 
peculiar features to attract a geologistr-granite deeomposed' afi'^e stix-. 
face, is most gjrevalent, I believe. 


On the route from Ife to ^ percel:ifle^,^^ beds, of H?:: 

vers massive strata of striate^.elhy slate of/a fa«^||^o|^r. ..T^ese strata 
are either vertical, or dip at a considerable angle — Mar£abm and the, ad- 
joining countries, would well n^ward the labors of a gig^lt^ist. ^ the 
Burman war Avas being carried <]^,^whea the former; was yisited it 
was not without the imminent risk of|jj|^eingcut oCor of being niade a^^^ri- 
soner by the enemy, then encamped on th%, side river, that 

I was enabled to explore the country up:it^abfl^tinorth |^|||d^;|^! 42 ^ 

■ ' ' ' W,-'.' cA’. 




A hasty geographical sketch of. this proYii|||e may^^ Htgre^be alto- 
gether irrelevant— for, without some ideaf||thii|yk>ca|||^eBof{a;i|^lW the 
future geological traveller may find his plans prove a|||fj:tive.. 


Martaban is bounded on the north, by a branchnf the great ^^entral 
range of hills dividing it froa^iStam. ; #n:,. thie^SWllth;’ itt.ttier f j p^ fainto the 
district of Yi^hoing dWd^ in>i)|ib^.byi;|||||^ J|«dunWt», a narri^iStj^eaiWi; 
On the east,' the Siamese ra|g^|^^8ehts a very rfonnidedde bmnrierr shew- 
ing at intervals peaks of considerable elevatic^. ^ewlghe^t Wf thi&st was 
conjectured to be about five thousand feet in height, ^^cross this wall, 
there is only one good pass^ that tenhed Prasong^chd 
and Phra Cfteda-sam'Ong by the the^s of tke^iltree Pagodas^’ 

and lying in latitude 15* according to 

Captain Grant’s observation afior t||feeace^ j^other^ W pass, 

lies directly north of Martedmn, On west, it partlyjjoui^led by the 
sea, and partly by the provinces oi^Ae#d»^ apd. Tkdsi^fPagu. It may be 
computed to contain about twelve thousand aquarp 


The 
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„ Tlip principal^ver is ^ Kr^ng Mautamaf*(fi( the Peguers,) or San^ 
Wt, (of tlje Bttrmam,} whiph rises in a r^ge of mountains to the north- 
west of Che-ang Mai in Itoos — ^passes within two or thr^e dj^ys’ march of 
that capital — and after a torbulenjt c^Airse, apparently betwixt two of the 
inferinr ranges great belt, disgorges itself with impetuosity on the 
plain just above the is||nd of Ka Kayel, in about 18” 20' north latitude. 
It is joined aiibc Ka Kayet stockade by the Yiinzalen river, which flows 
from4he HapMn hills, lying in a north-west ^d^irection from hence ; and 

whichld believe to be the same, ivhich I observed from the great Shut 

w 

MaM temple at ,l0 bear as foljgws— the northern extreme N. N.E. — 

southern ^ about forty miles distant. But 

the stre?^^WU|pHttd,by. me to l^ve a bar of granite across, about eight 
or f he JBt0j^ii^e» an#biQi«to^e na|^gable to the smallest 

canoes. rolls n|||e quietly on tilllt disembogues itself into the 

sea at Opposite to Martaban, it may be about 

a mile in width. #. 

*- \ 

The other river^hich swell it are, the Dang Dami Kydng, which 
joins it a( Pkrd Pagpiiia ; Uii C^bn which falls into it at 

or the “ White j||g-odo;’%the AtU^m, ox^ttiydn river, 
which enters it nearly opposite to the ^^lip^nk, of itfortadan— ‘the Wakiu 
‘ which dis|toibo.gU«s, uear the Khami Pagoda — and the 

D&ng Wein Kydng, wtiiph pours itself into the Qnlph of Martaban. 
These ar^|||||||2n.gable fai: inland bpf large boats. 

The chief hills within thj| p]rovui|$^^^ire part of the Tavai range, with 
its branches — one of which is divi^|pl by the Sanlun river at Malamein. 
It runs in low broken bills, aSout dfty miles no/th of thy town of Marta- 
ban, and joins the Jitn'KyH mountaihS'-^Moext ^ short range running across 

of the Attardm. i^r Attiydn) river—the Jeu 

Kydt 


one of the upper 



■ ’- ■HM.VArkl^ 

r 

KySt a highv^ked 

watdf'bif the li^ thfe^' lidi 

sulated hills, ealti^. 



The nuiheilibus 
ed over tlie fllajns,^' ahd 
lun, together with th'^ dhrk^hhd'ta' 
produce scenery of a've: 



The ranges of ■ 


gradient. But the 
of from two hundred' 
plain, have in so far h^^ipal' 
posed of limestone. I!%e'lih^|ton4'^id^n' 
and gritty kind up' to hard Marhle-^-'^d-vtiii'elilli^djl^il^^^ 
the same marked features, which Jthe TraHg and ' ir^ks 


being streaked with red, brown, and white, ' arid i 


rapid decomposition. T^e plditis 
generally by an alluviabaOtlrr^^^ lit 
the cotton gilpind o 
is commonly a stiff clay, 

more friable, tinged with oxydtii^ ifbhr^Br ’i® 
and resting on g ^j^ l in M 

the low islands^ jh^g ii|||p llll^ end 

pulses. Potter’s earth is ob 
most of the utensils known 



On the low rapge 


haps, predominates. But at 
having an’ inclination of * 


Of this, 

■ ' W isabdy vstiata 


with j»x^, of 4roni there. 

intermixed 
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dlU^teouf^ and othslr quartz are 

dbsei^i^a^llli : 'At Maiamei/t, the 

cons^ctton' df the; Pagodti-.th«r^^v.?ffl|^ substance • ha^ita so mueh by 
exp«if8ni*i^/^^#^l last^ft^si|l^^»^ij^j||;<biMif\bfere done. ■■ Oo'^the 'high 
whi^ifiSi&lkionaUy'Sia]^ suriaoe is tinged red by 






r-fy ' 


by vrithin about 

limest^e;r<^it#Bttii»i^^^^ it and the river, 

gratified by 
;p^uliar a nature to be 
it “.' hot water.” 

The o^fiqs^^fa'notitly a cill^Oi 'the dyiaiu6te^> 0 ^- vhhfii. is about thirty feet. 
The rfbt %i^eiirtb,Btidb.oaly viisedvabottt . a foot above the surface of the 
water. Not hkvin| been prepared for such an interesting object, I had 
not providj^ udtih i line. But^the depth is, no doubt, very consi* 

^ra£^. Tlbe calcareous rocks which 

projn^ at' a;';^^tb' Of twenty feet at 

leifSrtfe/fe>‘^^.Btrqng bulging neaPthe liudd^* 'rA thwmometer pro- 

pended the water, and after a space 

quickly made for loss of 

heatin the^retDpyali.^itembff^ FXpREnaait’titliermometer was 


proj^ 


^strqng 


pended rfr^'d;li||^P^o^'^ds 
quickly wit^wn^'lg^ 
heat in the rernpyal^ ^^temndf^n 


found to 


thd-'Batk' 


lar Vefl ini^^ that it had once 

heen-a crdtUr./ '■■jkfJ^^i^to ^i^^ii|^d'^ought<^|^{ii^aN^ it with caution — 
since part of the wa^;ftear;the|^^ • is ■. wli]|ir- vveeds, which so 

resemble the surface of the bank, that.a, p^i«^nd%ht unthinkly step on 

them 
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th^vto>hi8 J^|^v 

period whc» tweutf gidl9^ 

oa the leest coinput«ii<m T|^ 

leaves and branches which had a cal^ 

reous deposit — and the bottom p£ rip^lv ^9;; 

calcareous substance. .No spi^ijpen ^ 
lieafar below the surface^ a;! 
we may suppose it to 
Lankyeu hot. spring m 
afterwards sensible of any 
examining it with 
Martaban, it was found^ he^j| 
blnation with some oth#r.eiir^<^. 'J_ 

low. This fountain lies on the< rOato 
trees scattered about, it is e^den^ that thoughs^bow 
once supported a numerous population* Nsar, 
is a pond to which the B^amam ascAfaO,,^aiy^.ill^;;||!||p^i^.^:''|^ 
grow quite red.jocca8ion{dly<.v.,Pro^l%C4)^'#lllii^ 






* 1 was favored on this occasion with the compauiV oif^iaientuiil^ I» and 

tlst. ’ of iron 

is inferred. ' ’ ’ ■ - ■ j *■•": -• 

Sd» It doe* not 'blacken p8|>er,' 

Sd. No precipiuu* is oaneed ^ ^ of.nitTk!^ 

4th. When mixed with a solution .0f''t«Knu!rin»:.(in jproportions,) no ^ntible of 

colour is induced. ’ ‘ .S*-;-".' '- • ■ v ' .t; i"'. •iv**' 

5th. When mixed with an eqnal ||t^ h, fonsp^t 

which does not effervesce yiA ^jaUc^ac^^^ . ^ ... '„ ,4. „ 'j';. 

6th. The enheretion found on leav^ aiul ebnnnon pebtile* efferveiOes stinpglj' with mu- 
riatic ac^, indicating tiwpr«M^bf lime io-dii'W|t#r* . ^ " 


' :ir\ ■'; 
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: on the east J)a|»k of the same river, 

the base of whidiis 

wa8|i^4 J>y.the#|^m, U>^ h«c^||f^fWkted quite through by a rivulet. 
The liioestituie'Vomposiug it takes. Suline polish*^nd .large stalactites de- 
pend ‘ffom tils ‘'foof of the s^pd arch overhead. It, like the rest of 
thf^l^s^eppped, ^ews pe, traces ojfprgwdc Temains. 

^ Tp ipt|iqg^.tbe <S’aah2»»40r<{in#p««h^ei^4^ objects which at- 
tracted mj^ptteuti^ ropk?* being a continuation 

of the^ea^^e «Theq|j^at^^espot is hemmed in betwixt 

rpshegk^hropgh with considerable im- 

its base, the lat- 
4)P kahai||(iiand sliould suppose al- 
most ipii^^Bgisible pipnaide, a sipali Pagqda has been built, producing a 
^leeaing ^$<^^o,.the eyesof a distant observer. 

V 

} ^ ( ' ' f 

4 d^^]||i^ecitured.to be tfro Mndred and fifty feet high. On 
that^n| Imse .been .cut in a pyramidal 
spacei^^i^in Jh^,a^pid pwp^ ^nd^gilt alabaater images of 

MvuMhS* yarrow opcpi^g.teads into a magnificent cave, which has 
been dented, many large voodpn ap^alabaster images 

of that deififid iportali|ve^fi^d arranged in rov^,nloi:^the sides of it-- 
the wooden ipinges^ispce^Pj^^d^ayM^ thropgh^eygd had tumbled 
on the fl<l!r.,^,J’l^^^jlt<^ «Wiftl^^qiCj|ii^y tq^d^hajd^ljn^one. The cave 
bears no tll^JSupnan priests, who 

ipfa^t 'i a viljage on the Cpi^i^%lnk, could not afford me any infor- 
madofi respecting it. Ko inscription was discovered on the rock. It is 
rather a.aingolai^ ^ || ^ stanc|t ^hat no i^o/f^^r^ther inscriptions on stone 
of any antiqnity, ha^,been discovered in ijn^'fndQ-CMnese countries — and 
it is the more particularly so as regards jBvma, where the natives have 

• (with 
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(with reference to their semi-barbat^o etn^,) attoiaed to a 
abte degree of proficiency in scnlptul^. The belte of their temples have 
' generally inscribed on them so|fte'^ofis sentesmes, and the name and 
titles of the person who bestowed them. 






The only inscription observed by me, was that which Ahngphra, or 
Aliimpra, caused to be engraved on a marble slab ; wfifeh stands under a 
shed at the great Shui Mad» temple at Pegu, It records his valorous 
exploits and pious disposition. The alabaster, of which the Barmans 
form their images, is only procurable within the proper Aaa territory. 
Tlie Prapatha, or Prah&t, is an engravifi^> oftCa found dft slabs 

at temples — and is intend^ to'represmrt'ih impression of a (Wf''of, JBimZ- 
dha. They contain many mnblems, most of which are dbacure, and only 
to be made out by the help of a PAuug't, or priest of BuMka. The 
Martaban Phungis could not inform me when Bttddhism VaS introduc- 
ed into Martaban. But from several circumstances, it should Seem, that 
the country was only settled about A. D. 1286. Froi^^^lli ' attentive ex- 
amination of such Bali MSS., as have come into ifiy possession, I am 
quite disposed to conclude, that the Buddhisl religion reached the /nefo- 
Chimst nations progressively from Ceylon — and that the Beii language, 
as now used amongst them, however varied the alphabets may be in 
which it is written, is identically the same with that employed by the 
priestrof Ceyhn. This last approaches so very closely to the 
Pracrit, that it becomes dottbtfdl which is the elder language of the two. 
A comparison beturixt them would shew, which is Afae direct derivative 
from the Sanscrit, ' ' 




Above the rocks described, the river fio*ws ’riuoagh a rich alluvial 
country, thinly inhabited by tribes of Khyens, or Karians. These people 
carry on a bartering trade with the traders of Martaban. They treated 

R 2 


me 
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me with, as much KS^'jfiitality'lal their situation adihitted of. They are 
generally a fine rh# of people~athleticV*and of much fairer complexions 
than the Pegueiri alfid Bumiaki: 'Tlieijf ^Ole deportment favorably con- 
trasts widr that: of these t#b races.*' ^ 

They live'ihdependently I keep do^ for the chase ; cultivate cotton ; 
weave it into cloth, and dye it with the indigo raised by themselves : — and 
they are verjr comfortably housed: They' change their ground every two 
or three years'. I met a whole ti^ibe in rapid progress down the river. 
They gave as a reason that the cholera (which seems, from time immemo- 
rial, t^ na^S'preVkiled in the juttgly |>drts of these regions), had swept off 
so man^ jpersons, that they had been obliged to abandon their village, 
andWelc a’ he# 'abode". ' Opposite the small Khym village of Miehan- 
taung, which lies on an island, is a singular rocky hill ; the base of which 
is washed by the river. ' It may be six hundred feet high, and it has a 
black and scorc^d appearance. It is almost bare of grass, and there 
are oply a few TOM on it. These grow in the hollows and crevices. It 
might be taken for basalt or granite at' 'a short distance, but on a close 
inspection is found' to ' consist" 'of a black limestone, breaking off into 
cubical fragments. The ascent'is abrupt and difficult, and the tread of 
the feet is succeeded by a hollow sound as if the hill was but one vast 
catacomb. Several pits, having circular orifices, and of about three feet 
in diameter, were obse^ed in the ascent. They arO^^ of considerable 
depth, for stones th>Owh into theih were heard for about twelve seconds, 
rebounding in their descent to thd 'bettoih. On looking down these, I 
noticed large^i’dh^s-shaped Stdlactitic masses hanging from the sides. 
Near the idmmit'df the hill, the ridges of the rock are so angular and 
sharp that scarcely '«ihe of my people escaped being badly wounded in,^ 
their feet. 


From 
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the top a most pleasing :andyextehsiye.yMw was obtaipf|d ofthe 
sufi^onding country, and thq bearinga of remarkable objects»w^,l;aken. 
On a bleak ridge, about two hupdr^ijl' yards froin where we , werp, a wip 
sheep or goat was observed. This animal’s colour is nearly black, .apil 
the hair shaggy. Several balls were fired at it without effect. The na- 
tives said, that this species was only occasionally to be met with but as 
rAcy had never seen a sheep, it could-r noti^. ascertai^ fro^ their ac- 
counts, whether the animal weisaw was of .the goat or sheep tribe- 1 
here observe generally, that the wild animals, apd birds, found, in thp co?in- 
tries we have just, been going over, are chiefly the following..: elephants, 
which ^pre very numerous ; the rhinoc^j^, ^ which and 

Siamese dread more than they do the elepPmt, pwing.xto^imtsaya^e tem- 
per ; the bison, whichjs found of a very large size in the head 

being of a fawn colour ; the wild ox, of the size of a large buJO&lo ; and 
also a species, resembling iu every respect the domestic ox ; .the bufialo ; 
the royal tiger ; the leopard ; bears (but very rarely seen) , dger-cats, 
about the size of a fox; leopard-eats, having very ,bed|||lflil( coats, and 
being about the size of the common. cat, bnt^ore plimly,. formed ; the fox- 
cat, with tiger stripes, and which is desjtroctive , to .. paultry^^his animal 
lives in dens, but it climbs trees in search ol^ prey . ; , > 

The elk and various kinds of deprjt.are abundant. Baboons, asses, 
sloths, oppossums, flying nnd other squirrels, chameleons, and other varie- 
ties of the lizzard tribe, various -species ofthe tortoise, alligators, and 
guanas, are very numerous. Ta&oy, .the imdves, keeppack^ of large 

dogs, with which they run doufn deer. These dogs run by sight, and 
they are regularly kennelled, s The breed seema peculiar. . I observed a 
dog at a remote village in that, province, equal; in size tb n NewfquniUond 


Wolves, 
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Wolves, or iv^dogs, (fetr I had no opj^Ortuoity judging which), 
are found in the Ihtests. Nejackals» or epmiuea foxea, hmve yet heen 
discovered, atid| it is believed, that tliey do not exist below the latitude 
of 10? north,' . Many kinds of tortoises, as beibre observed, and river 
turtle, were seen by me. The natives, especially the Katmtts, train dogs 
to search for them, as they form often acidef> article of their food. 

.i • V - 

j^’The birds are (--White sea eagles, white land eagles, hawks, of 
several species, vultures, and kites. 

'i^e peaibwl'here exhibits a brilliancy of plumage, which fa^ excels 
that of the dTsdian one. It is also a larger bird. There are, at the least, 
four' elegant- vadietiee of the pheasant tribe ; also, quails iu abundance; 
and several kinds of partridges, of which the green, with a red tuft, 
and the blub, are most conspicuous. There is, likewise, a jungle cock, 
having a rich blue and reddish plumage, and nearly twice the size of the 
common jungMIhvl, He is well armed with two long spurs on each 
leg. Pelicans, and -Ike usual , tropical water- fowl, abound. A perfect 
species of duck, having^ a blackish back and whitish breast, and the 
weight of which is nearly dodble that of the common duck, is very 
common. 

Leaving the Mkhan^tdMg', >a&d proceeding up the Sanhm river, the 
low rocks, observed on the banks, exhibit coarse black limestone. The 
high cliffs further removed, shew, jdie more advanced stage of the lime 
formation. At Ka Ka^t stockade, dose to the hills, the granite again 
begins ; and here were found scattered about smooth quartz and other 
pebbles Of several pounds in weight, whicli, had been used after their 
ammunition had failed by the Burman garrison when defending themselvios 
from the attacks of the Siamese ; — baskets, full of these pebbles, were 

arranged 





ct^P^tAlized 


iDsid<^'4^ Sernal j^kim<»ks of rtigtdarly 


fw''"'' A’h V-.’', / 




Tho “ Kl^en Ni,*' ^ 

hilly traot^stiOtchifig^^ frdii are <ii 

a very saVage and warlike for 


armour, and fight with speafstali^-^^iiMiiil^Bfew^.^ . this 

province is temperate. At 
not the coldest, the following dvOrafe vWi^fok^n 
on the state of the theiMcMeior r-^ * 

^ 

Fifteeen ^days -.iO' ■;-May;.fev.>- .■»., 

Twenty-five days in' June,.'. ...■; . . 

Forty-two days, from Ist ^Juty to l4tKAil®^li' 

^ ' ■' ■ '■ . • . ' ,- 

The geology of Ava is iitUe k]idw»».nor has any d|||,4|.^e many, 
who accompanied the tro^lip withf.a. 

com|^ted sketch of the rocks olMiervi^oai its^ haiilu;^^^ .l^i^t 'Athe hrae 
formation will be found to ^tend is c^j^- reason to 

believe from the accounts received, and since it is known, , that carbonate 
of lime in shape of th^nest my^ble* f^d also alhbaster, tnn,<piire state,! 
are very common in the cou]|i4iy‘>^i^im the posithm taken 

up in another part of this pajiiefXtha^the 
comes more compact and puip^ .^ii f^^ 

observes, that “ at Prin he sampnrt'of th^flh#a of hms itluich forms the v 

northern boundary of J^^,;;ji^v.d^at«::thei^:tslBP(d8toBe!'f^^ 

were observed in flags. In 

iron, tin-^ome silver it isiiaidi ahdUiaestdnei^. 


From 
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v4^,''lPtom all been^lll^lje stated, it ^BEuld se6iB>^^t,j|fiitnite fonns 

the basis of ali vthe contitlty^; ranges qC hills on ths' 0 (^asts^ l 
described;— behold andill&eillt%d lime fprihation nins parallel. to thdse 
ranged; bi^{ti^;^ie is ocdillpftei|^^|i|i|t^^ As far as can be judged of 
from aUr eAAciiiiiiiAU schist is of v^ry frequent 

oceuneiitee,< idia that Mu, 4*3^; inirariably associated 

with the graultie hills, or supposed to extend 

up to N. jLat. SO? hT not beyopdit)' various states of combiua 


tiod, are the’ji^»*eneilr)^ Uiefals.thrdti^ont 'this range. 

. . JUM M--X u I i . T'-MM f 



VIII. 






NORTH COAL DISTRICT, 

• " f i j* '►* ‘ Wl 

Stiefehing along tht 

of Jeria or Juriagirk, to 

gumah of Shear gerkf a of 

miles. 


By the LATi Mr, ^CpflES, 


Of pitk^ffa, 

•» 


The face of this cou^lry hy Ehort bf«kefl iwttlls, 

resembling a chopping sea'r ike’ perpeikdicblar height of many of the 
hills, which 1 have levelled, a^tageaaMltaixty^feki "’^ea^i^ot 
more than six feet deep, s%b%'^'ealaj9il(ikl]'’^ na^giKiiy sandstone 
that effervesces with acids, n^hf mdny^lttcmt, wheteit is haire an 
efflorescence of soda mayidm hdfnpiM dff. 'Mal^dsteiae ibilof mere than 
seven feet thick on the tabte'hlUs, bat genet^y tbieket;ii>nd eeaiter 
grained in the valleys. The cwl^Wd eoal metal bassets out in 'many 


places, l^t are delusive guides to the mi^r, as the greater part of them 


are 
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ajre saddle strata that cover tlie hills likil a cap, trtid seldom reach 
down to their bases : othera again lie like Shields or patchy on the s^e 
of the hills, and extend a cohsidSntble depth below the bases! Benea^ 
all these the propdi^ coal beds The formation appears to 

me, frbm the result of many expei^^BiiiititS, tO'%e wa^ and wheeling in a 
slight degree, ean^ing its Kna Of W dh amazing extent with little 

variation ; its breadth on the KdIMh-'wiBllt side in tlie direction of ^ankora, 
is not more than eleven twelve mBhs from the river, further on in 
that direction the protruding 'rockS Ore Sionite> hornblende, quartz, and 
masses of mica or talc, cemented with a small portion of sand. At 
Bajkolt^ Seven miles above the confluence of the Damoda and JBara- 
cmi rtver^, thh at^ndanls on coal 'are lOst» and the river is blocked up with 
gneiSs, .feldpar, dad granite. The coal district then turns off, crossing 
Jeria in the direction of Bahar : coal bassets appear a considerable way 
beyond. The attendants on coaralso appear in the Baracan river, regu- 
larly downwards on the BirbMm side, without any interruption, except 
a large whyndyl^ that appears seven milea above Mad^eak, running in 
the direction of Bishenpur. The whole of the district affords rich and 
valuable iron ore of various kinds, but no limestone has yet been disco- 
vered, except the calcareous concretions that are found on the surface of 
the ground, and such as are in general use as a substitute for limestone all 
over Bengal. 

JUf 

Diteripti<m of the imrk$ at BeuUgOinj, t»ith the diffetent occurrences that 
too)c place during th^^nk^ of the thi^ shafts. 

Previous to opening the works at the alKfre place, I made small 
sinkings down to the clay slate or coal-mefat in the valleys in every 
direction within three or four miles. I found them invariably dip E. by S. 
which threw the line of heari^ to the hack of the Rajnu^l hills, 

co^iderably 
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considerably inland. There being little chance of finding coal long on the 
line, of dip within rench, (and it soon bassets or crops out on the line of 
rise), : I thought it proper to begin at this place, as I never saw tJie coal 
dip any other way, but wnth the strata that, cover it The Raj- 

mahal hills are composed of, moui^a^j^ w^hin or bassdtof an amazing thick,: 
ness ; at one place, at a section o% slip poiay be seen of 

sixty or seventy feet in heigljit,^end quite .fl^Opdicuilr hills rest 

on red-streaked ferruginous sandstone, of a %ry h^rdsnature, such as is 
often the floor of coal, but 1 believe very seldom the roof:^jthis -circum- 
stance favored my opinion, .that the line of bearing Mirbhicm in 

that direction, and on the 1st December IB 15, 1 begao the hrst shaft 
Having made my arrangements jwit|i ;^ef-jwOrkmenv%the,*^hking went 
on regularly, but I was mpeh astonished to,,fi;^ ,|a. I. jfent . dp^ that 
the strata gradually wheeled from E. by S. towards the N. /W. and 
when the coal was found in shaft No. 1, jt (Upped N. :W. which con- 
tinued regular in ^^y season and bed downwards, the dip of the 
upper strata forming a spipal line on the, side of the shaft. The 
rai^ monsoon having now commenced,' and ^he workmen not attending 
re^arly, I began sinking the shaft No. 3,* and cutting platforms round 
both shafts to the level of high water iih the, riyer, with op^n adits to 
make the approach easy. „ When the coal was found fh No, 3, it was 
within two inches of the samp level as No. I, and dipping due .^nlh, I 
thought this might be caused by a sudden wave or ridge in the strata, or 
I might be working on the edg^ of a very am^| b|mn--?thie created 
much perplexity. I again trie<^he eouj| |py round with the former result, 
and was tlieil in hopes, that 1 had |Pt oh thp pivot or point where the 
. strata wheeled, which would thihw,^the li|ie pf bearing ^w^i^s Kalwa. To 
get more information, I opeaed|he shaft No. 2,, and although this^was 
four hundred and e%hty feet fopua,- 1^0. 3, on the line of dip, coal was 
found in the same level, dipping N, N. W,i ^hich gives, in the three 

T 2 ^ shafts 
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shafts, a difference of level of only two inches — and a line of dip and 
of bearing in each different, but the strata the same. Every appearance 
indicated lower beds of coal, than any yet cut through, and I continued 
sinking in shaft No. I, in hopes of finding the low main, with some 
difficulty in keeping the water under, from not being able to keep the 
men at work by night on account of the bears and tigers, until 1 found 
the last stone banld%uddenly <j|iahge its declination from half an inch to 
the foot, to an angle of 45°. • This great dip would make it appear a 
primary formation, although, 1 am inclined to think, it is merely, wliat is 
termed amongst miners, a trouble, occasioned by the wheeling of the 
strata-, I, therefore, did not sink farther, as the coal is always fouled by 
these occurrences. 1 am now preparing to work the nine feet bed, from 
the six inch band, that covers the nine inch seam of coal, up to about six 
feet with an arched roof, leaving three feet of coal above the arch, the 
three inches of clay slate that intervene will prevent the water of the 
eight feet bed from dripping, down, and the feeders^ of the seam or bed 
in work, will descend below tin’, springing of the arch, and leave the roof 
tolerably dry. When the mine has been worked in this manner to a 

■'X' ‘ 

certain extent, the nine inch seam and three feet bed, can be readily 
wrought, leaving the six inches and two inches bands on the floor, as 
waste or dead ; but if the mine is continued in work for any length of 
time, it would be prudent to carry the waste up, and leave the floor clean. 
The coal of all these three beds, is of an excellent quality ; its cleanliness 
renders it peculiarly adapteid for culinary purposes ; — it resembles the 
Sunderland coal in every respect^^kut leayes more cinders and ashes. 

An account of the Strata ^t with in sinking the Colliery at 

R/miganj, December, 1815. ft. in. 

Yellowish clay, mixed, in some places, with soft black concrete 
pebbles, ... .... •••• •••• .... .... 6 1' 

Grey 
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Grey sandstone, slightly calcareous, .... 

Yellow soft clay slate, , 

Clay slate, rather sandy, with a mixture of mineral charcoal, .... 

Very hard, bluish, streaked, and gri^y slate, . . .... 

Tesselated band of grey basalt, dipping to theS, E. two inches lo 
^1^® foot, .... .... .... .... .... 

Coarse grained, very hard and gritty slate, bluish grey colour, . . 
Very hard stone band, grey tessalated basalt, dipping S. E. one 
inch to the fool, ... .... . .,,, .... , , ..... 

Very hard, bluish, streaked slate, as before, . 

Blackish clay slate, with faint impressions of vegetables, and 

small bits of pure coal in many parts .... 

Black clay slate, without impressions of vegetables, 

Black soft muddy clay, . .... ..... .... 

Coal No. 1, slaty and^rty, 

sltXtCj •••• •••• »••• 

Coal No. 2, better than No. I, .... 

CoSf^'metal, or hard shale, .... .... 

Coal No. .3, pretty good, .... .... , . . . . 

Coal metal, or hard black shale 

Coal No. 4, pretty good 

Coal metal, or shale, .... .... 

Coal No. 5, very good, 

Argillaceous atone band with impressions ^f flowers, 

Coal No. (>, better than any of the 

Argillaceous stone, with impressions of flowers, .... .... 

Coal No. 7, better than the last, „ .... ..... .... . .. 

[Black hard shale, . .... .... 

Sandstone band, 


5,. 0 
3 0 
1 0 


7 0 


6 8 
2 9 
0 4 


0 4 
0 2 


8 0 

0 .3 

9 0 

0 6 

0 9 

0 2 

3 0 


0 5 
Hard 
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Hard black shale, with impressions of vegetables, .... .... 

Coal No. 8, bad, and full of gold coloured pyrites 

TesSalated claystone, with impressions of vegetables, .... 

Grey sandstone band, .... ..... .... 

Shale, ^ith impressions of vegetables, .... .... .... 

Grey sandstone band .... .... .... .... 

Shale, with impressions of vegetables, .... .... .... 

Grey sandstone, .... .... .... .... .... .... 

Conglomerate bank of sandstone, clay slate, and other matter mix- 
ed in a confuse and mottled mannei-, .... .... 

Bank of hard, sharp, gritty, greystone, with cutters, and the 
dip declining more than in any of the top strata . . . 


1 
1 

2 
0 
0 
0 
0 
2 

.3 


.3 


3 
1 

4 
2 

5 
4 
3 
0 

7 


6 


Total, feet 88 2 

Retrospect of occurrences, and opinions fanned thereon, while searching for 

Coal in liengal. 

The N,. W. coal district exhibits a considerable degree of confusion, 
increasing as you proceed upwards, and is admirably adapted for the use 
of an indolent race of people, as coal, sufficiently good for common pur- 
poses, is within the reach of every body. Knowing that dislocation of 
strata, always occasions the coal to be foul and dirty, I opened the works 
in a situation where I expected^^ be m^t free from it, but the plan of 
the works will shew, that I was noi^quite successful, although I have 
ascertained a most valuable point ; viz. the wheeling of the strata in the 
most desirable direction that could be wished, crossing the great line of 
navigation somewhere about Katwa, where I have not the least reason to 
doubt, that coal will be found, and the advantages that will result, must 

be 
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be abundant. Taking into consideration the varions occurrences in the 
N. W. and N. E. quarters of Hengal, I am induced to think that the 
coal formation of both countries joins under the delta of Bengal, and that 
the alluvial deposit is of no great thickness; the dip of all the coal 
seams on the N. E. frontier, favors this opinion, and it is not improbable 
that this great line of coal enters China. From the Garrow hills into 
Cachar, I am satisfied of its continuation, as I discovered coal and its 
attendants the whole way, and found a piece of coal imbedded in a slate 
rockc.in Cachar. The best informed people of Manipur, assured me 
of their having traced it into the Burma country, but they do not use it 
in Manipur for any purpose ; it is called by them, “ amiihalang." I 
am inclined to think, this coal district marks the easiest and best road in* 
to China. The Surma river is navigable for small boats into Manipur, 
but the people on this frontier arc averse to travellers proceeding into 

their country, and when they have power, resist it. 

- 

4 

One of the principal advantages which I anticipate from the intro- 
duction of a cheap and plentiful supply of coals into Calcutta, is the 
being able to burn lime with it, at a moderate expense. At Splhet, the 
whole of the lime is burned with wood — an article that has oflate become 
both scarce and dear, so that they are now obliged to depend on tt foreign 
country, Cachar, for their fuel ; and for which, large sums are annually 
sent out of our country. But in the event of the limestone being brought 
to Calcutta, and then burned with coal — that article could be had fresh and 

much superior to the lime as now^rought,^^hich has been burnt at least, 

' 1 . , ' 

perhaps, a year before. Besides the Saving in quality, from the freshness 
of the lime — the deterioration sustained by the lime getting wet in cross- 
ing the great rivers, and ^e boats taking in salt-water in the Sunder^ 
bans, will be obviated, and the expense of carriage would be less, from 
the boats requiring no roof, and from the insurance being less — the 

u 2 goods 
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goods being of little value, and subject to no detriment from being 
wet. 


The Sitergerh district abounds in iron ores ; and I find that immense 
quantities can be procured there at very little expense, and from the ex- 
periment I have made, I have no doubt, but extensive forges might be 
wrought in that district advantageously. Of other ores — there is lead in 
the neighbourhood of Lakshmipur, in the Jihagalpur zillah, and I have 
reason to suppose, copper may be found in JDholbhitm, near Itajwdha, 
in a stream called Guru Nadi, that empties itself into the Subanrekha. 


IX. 
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EXAMINATION AND ANALYSIS 

OP SOME 

SPECIMENS OF IRON ORE, 

FROM BURDWAN. 


By H. PIDDINGTON, %sq. 


In the following Analysis of Iron Ores from Burdwan, much care has 
been taken to ascertain correctly the presence and quantity of Phosphate 
of Iroo and Manganese,* which two substances principally alFect the 
qualities of the Iron when smelted ; the process was conducted in the 
liiimid way, and the separation of the Manganese was obtained by Mr. 
Faraday's method-digestion of the Oxides in a solution of muriate of 
Ammonia with sugar. 


No. 1. 

BETWEEN JAMDE ANb SUKHRAJ. 

Sp. Gb. 3143. 

D/oicptpe—acquires j^j^ctallic tarnish and a shaggy, porous appear- 
ance, becomes magnetic ; with borax or charcoal, fuses into a dark and 

dirty 


* Oxide of Manganese. 
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dirty green glass. The blue larainoe burn with the scintillation peculiar 
to iron, become porous, and have a metallic tarnish ; they appear to be 
a deut-oxide of iron. 


When calcined, the pulverised orei which is of a yellow brown, chang- 
es to a deep chocolate red ; probably from the privation of the carbonic 


acid. 


CONSTITUENTS. 

Water and Carbonic Acid, • • • . •••••• 

SilcX| •••• •••••• 

Alucninei •••• •••••• 

Carbonate of Lime, • . • • • • . • 

Deut-oxide of Iron, • • . • 

Oxide Manganese, • • . • 


8 50 
4 00 

4 75 

5 15 

76 00 — 55 Iron. 
1 55 


99 95 

• 4 

NOTE. 

This specimen probably contains from 58 to 60 per Cent, of Iron, for tfie portion analysed was 
found, by digestion in nitric acid, to acquire 8 per Cent, in weight, probably from the peroxidation 
of the blue lamime. 


No. 2. 

NO LABEL WITH THIS SPECIMEN. 

Sp. Gn. a08l. 

Blowpipe — ^becomes magnetic with a metallic tarnish, fuses with 
borax into a clear bottle-green glass. 

CONSTITUENTS. 


^W^ater, •••• •••• «•« 

• • • 5 

75 

Sdex, •••• •••• ••• 

■ 8 

20 

Alumine, 

0 

40 

Lime, with a trace Mag 

1 

00 

Oxide Manganese, .... . . . 

4 

00 

Peroxide Iron, 


30—5950 

1 - 

99 

65 


NOTE. 

1 refer this specimen to scaly red Iron Ore, or Iron Froth of Jameson, Vol. III. p. 208. 
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No. 3. 

^ ' NO LABEL WITH THIS SPECIMEN. 

Sp. Gr. 3400 

Blowpipe— hec&aie^ magnetic, and fuses with borax into a very dark 
and somewhat dirty green glass. 

CONSTITUENTS. 

W Qter, •••. •••• ••• 

SllCX^ ■••• •••• m m m 

Alumine, ^ 

Lime Pljosphate Iron, .... 

Oxide Manganese, .... ... 

Peroxide Iron, .... .... ... 

99 50 


6 25 
8 50 
0 50 

Traces. 

0 0 

84 50—59 Iron. 


NOTE. 

* 

Ochry-red Iron Ore, or red Oclire of Jameson, Vol. Ill, p. (?) 


No. 4. 

MAL CHAITI. 

Sl>. Gu. 31 tl. 

Blowpipe — becomes magnetic, and acquires the metallic tarnish : 
with borax on charcoal, fuses into a pitchy slag. 

CONSTITUENTS. 


W ater, ...• .... ••.... 6 0 

Sdox, •«.. •••• ...... 4 50 

Alumine, ...... 1 75 

Carbolic of Lime, 3 35- 

Oxith^of Manganese (red) .... 16 00* 

Peroxide of Iron, ,. .... ...... 68 00«»47 5 Iron. 


99 60 


NOTE. 

Tlie large proportion of Manganese in this specimen is remarkable, but the process used for 
obtaining it leaves no doubt as to its identity, for the aKiution of muriate of Ammonia will not dis- 
solve oxide of Iron. It may be found useful to mix with other ores, which may thus afford better 
Steel than they otherwise would. See Jameson, Vol. 111. p. 232. 

w 2 
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No. /), 

PAOLTA KANOWA. 

Sp. («u. 

Jilmepipe — Scintillates, becomes magnetic, and acquires the metallic 
lustre ; with borax on charcoal, fuses with slight ebullition into a very 


opaque green glass. 

W atcr, ■ * . • 

CONSTITUENTS. 

7 0 

Silex, .... 

«... 


7 90 

Alumine, 

• • • * 


0 60 

Lime, .... 

• • • • 


0 00 

Phosphate, 



Trace. 

Manganese, 

. . • • 


10 25 

Peroxide Iron, 

• • • • 


74 00—51 5 Iron. 


09 75 


No. a. 

NO LABEL WITH THLS SPECIMEN. 

St*, (lu. 2857. 

Bloicpipc — becomes magnetic, and externally of a metallic lustre ; 
with borax on charcoal, a dark enamel. 

The pulverised ore, like No. 1, is of a pale yellow brown, changing to 
a deep chocolate red in calcination. 

CONSTITUENTS. 


Water and Carbonip Acid, .... 9 50 

Silcx, . . • . 27 50 

Aluruine, . • «... .... 1 50 

Oxide Manganese, •• .... 9 00 

Deut-oxidc Iron, .. .... 51 00 — 37 Iron. 


98 50 


NOTE. 

Like No. 1, this specimen acquires weight (about per Cent.) by digestion in N. Acid : it is 
certainly too poor an ore to be smelted, unletl^ndcr very favourable circumstances, but trials might 
be made of its eftoct on the qualities of iron produced from mixtures of it with other ores ; there 
seems to be ground for supposing tliat Silica sometimes combines with Iron in the metallic state. 
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No.' 7. 
DES5RTI GERH. 


Sp. Gb, .3645. 


blowpipe — becgiEpes magnetic, and assumes the metallic tarnish ; 
with borax on charcoal, a dark coloured enamel studded with bright gold 
spots, resembling avanturine : the fragments translucent and of a bright 
golden green. 

CONSTITUENTS. 


\V • • 

Silex, 

Litne, 

Aluniine, 

^llo^phate Iron, . 
Oxide Miint^.'inese, 
Peroxide Iron, 


6 0 
3 75 
0 50 

0 60 

0 90 

1 50 

86 00 — 60 Iron. 


15 


NOTE. 

The very bcnutifiil appearance produced by the blowpipe, luay probably be owing to the 
conversion of Phosphate of Iron into Plioppburet of Iron, by the combustion of the cliarcoal support. 


The process used in the foregoing analysis differs from those indicat- 
ed by the books ; I have therefore subjoined a memorandum of it for the 
satisfaction of the scientific chemist. 

1. - Weigh the pulverised ore at the temperature of. the atmosphere, 
and calcine at a low rcil heat, the loss indicates the water, and^if there is 
change of colour (from yellow to deep red brown) probably of carbonic 
acid. 

2, — For 100 grains of the ore take lA oz. muriatic acid, boil it gently 
over a lamp in a covered vessel for twemy minutes, add four ounces of 
water, and boil again for a few minutes ; this dissolves every thing 

except 
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except the silica, alumina,* phosphuret of iron (if any exists), sulphate and 
phosphate of lime: filler and Avash the residuum perfectly, and calcine it : 
its AA'cight is that of tlie silica and alumina — it may be tested for plios- 
pliatc and sulphate of lime, if necessary. 

3. — ^To separate the alumina, boil on the residuum sulphuric acid, di- 
luted with thricii its weight of water, this will dissolve the whole of it, 
and leave the silex untouched. 

4 . — Evaporate the muriatic solution at a gentle heat ; when nearly 
dry, pour upon it about half a pint of well boiled distilled water, transfer 
the whole to a jar or flask, and keep it closely stopped for twenty- four 
hours : if any precipitate forms, it is phosphate of iron, which may be 
separated as usual. 

.■». — Drop sulphnnc acid into the solution, the lime, if any, will pre- 
cipitate as a sulphate; separate it and calcine at a low red heat, and by 
the scale of equivalent. s, the quantity of carbonate of lime may be known. 

(». --Precipitate the solution by one of caustic soda ; filler, wash, 
calcine, and weigh the residuum, which consists of the mingled oxides of 
iron and manganese. 

7 — Digest these in nitric acid, with a gentle heat, allow it to re- 
main exposed to the air till nearly dry, calcine again at a red heat, stir- 
ring it often, and weigh it; if any increase of weight has taken place, 
oxygen has been absorbed, and this must be allowed for in the results. 


To 


* None coukl be detected in repeated trials. 
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8. — ^To separate the oxides of manganese and iron, boil them in a 
solution of muriate of ammonia, with a little sugar, the whole of the man- 
ganese will be dissolved, and the iron left, (it has been ascertained by 
independent experiment, that no oxide of iron is taken up, and prussiate 
of potass will satisfy the chemist that it is manganese) : precipitate the 
manganese by water of ammonia cautiously added, and filter ; if the liquid 
has any colour, a portion of the oxide has been re-dissolved by the excess 
of ammonia, and will precipitate on allowing it to evaporate ; when the 
liquor is perfectly limpid, the whole has been obtained, and may be col- 
lected as usual : — ^This is Mr. Faraday’s process for their separation. 



X. 


ON A 

NEW SPECIES OF BUCEROS. 

By Mr. HODGSON. 


Order Insessores. Tribe Couirostres. Family Buceridse. Genus Buccros. 
Species New; Buceros Niplilensis: Dhanesa, Ind. 

This remarkable and very large species, which I have the advantage 
of contemplating at leisure in a live specimen, measures from the point 
of one wing to that of the other, four feet five inches ; and from the tip 
of the -beak to the extremity of the tail, three feet six inches, whereof 
the beak is eight inches, and the tail, one foot five inches. Its body, in 
size, exceeds that of the largest raven, and is lank and uiicompact, having 
a rather long and very flexible neck, slightly rufled, a bill and tail of ex- 
treme length, high-shouldered powerful wings, and short strong legs. 
The colour may, in general terms, be said to be black, with a white-point- 
ed tail, and white patch on tlie wings: the figure, upon the whole, and in 
tlie bird's most accustomed attitudes, clumsy and heavy. 


Let 
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Let me now attempt a more particular description; beginning with 
the specific dimensions, which are as follows : 


Wing to wing, 

Beak to tail, ,, 

Feet. Inch. 

3 0 

Tail, 

1 5 

Bill, length of, i . 


Ditto, depth or height of, 

0 3i 

Letrs - , 


Whereof, thighs to the knee, 


Tarsij f(i hall of fo<)t, ,,, 

0 2i 

Central toe and claw, • • . 



The skinned carcase measures, from first t||^ast joint of neck, eight 
inches : from last joivit of neck to end of rump, nine inches. 

Tlie bill, which is large even for this genus, is nearly straight from 
the gape to the tip, but still having, upon the whole, a slight incurvation, 
M'hich is most sensible along the ridge of the upper mandible, and es- 
pecially towards the base of it where the arch is conspicuous, but without 
any abruptness. The substance of the bill is perfectly hard and appa- 
rently solid, not “ cellular,” or “ hollow,”* unless in a manner traceable 
only by dissection, which I do not pretend to affirm or deny. The lateral 
compression is great, so great as to render the edges above slid below 
somewhat sharp, to destroy almost the convexity of the sides, anji to leave 
hardly any breadth to the bill, except at tire base, where it is a little 
thickened, but still much less broad than high. The upper mandible is 
strengthened by six large prominent ribs, running obliquely down nearly 

the 


* The words tlius iudicated as quotatigos, refer to the generic character. 
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the whole breadth of it, and extending lengthwise from the base beyond 
the centre. These ribs present their prominence edgewise to the surface 
of the bill, giving it there an undulatory form : elsewhere, the surface is 
perfectly smooth. The inner margins of the bill are, by nature, united and 
entire, but with their edges cut out, and interlocked towards the base ; 
and so they continue to be in the oldest birds. Towards the tip, the inner 
margins are, in old birds, much and irregularly broken, and separated 
by hard use ; and the ridge also is broken by similar means. 

That the inner margins of the bill are not naturally “ serrated” in 
this species, at least, I am enabled confidently to say, from having a ■well- 
grown young bird, with a perfect bill before me. 

The upper mandible of this species is not furnished with an accesso- 
ry member, in this respect agreeing with the Senegal Gingala and crimson 
Hornbills. Both mandibles arc nearly equal, and tend to a point, which 
is obtuse, especially in old birds. 

The base of the culmen, as far down on either side as the nostrils, is 
feathered : the remainder of the base of the bill entirely naked. 

^ The tongue is very small, triangular and flat. The nostrils are small, 
rounded, t)asal, placed high on the sides of the bill, and covered with re- 
cumbent^feathers. 

The region of the eyes is naked, except over the brows, as far forward 
as the nostrils, where the skin is feathered. The eye lashes are strong, 

" ''I < 

flattish, and tend outwards, with their tip.s incurved. The legs are short, 
very stout, and unfit for walking : the tarsi very short ; in front, a little 
feathered at top, elsewhere shielded by a succession of single, strong, 

transverse 
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transverse scales: the toes disposed three before and one behind, of 
moderate length, dilated, flat, strong, scaly, vei^ imperfectly separated ; 
the anterior outer toe being united to the central one, beyond the second 
joint, and the anterior inner toe, beyond the first joint. This imperfect 
fissure of the toes, joined to their extreme flatness beneath, gives to the 
soles of the feet a singular character : and the legs are so placed in the 
body, that the bird, in perching, grasps somewhat obliquely : chws^ arch- 
ed, compressed, truncated. 

The Util is greatly elongated ; cunei form ; erigible ; con.sisting of 
ten unequal feathers. The icings are high-shouldered; powerful ; of 
moderate length; inclining to round ; the first and second quills not being 
so long as those that follow, and these again, not much longer than the 
succeeding ones. The naked skin round tiie eyls and base of the bill is of 
velvetysoftness, and runs connectedly from the eyes to the edges of the bill 
next the throat; a*nd where it terminates below, or at the junction of the 
lower mandible and of the throat, is a large angular space void of horn, 
from the edges of which depends a bag, as large as a domestic fowl’s egg, 
of smooth naked skin. This bag the bird fills and empties at will ; but 
never changes its colour, as the Abyssinian Hornbill (which is also pro- 
vided with a similar appendage) is said to do. 

The feathers of the head, neck, and body beneath, are of a remarkable 
texture and substance. These plumes (if plumes they can be called) are 
somewhat elongated, and have long discomppsed webs, and both shafts 
and M’cbs are of a wiry or hairy substance. Those of the head and neck, 
which are rather longer than the rest, form a sort of pendant ruff, that is 
capable of partial erection at the bird’s pleasure. This ruflf has the ad- 
vantageous efifect of taking off from the monstrous disproportion between 

Y 2 the 
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the huge biJl and comparatively small head and neck : but, on the other 
hand, its erection — from the scanty set, and separated web, of the fea- 
thers— exposes the, coarse nasty skin of the neck. The rump is, I think, 
considerably more hardened and , flattened beneath than that of other 
birds ; and the reason of this peculiarity, and of the shortened tarsi, would 
seem to be to allow the bird to rest its weight upon the rump and tarsi : 
for the vast size of the bill probably disturbs the equilibrium, and will not 
permit this bird to perch at ease, as other birds do, with legs straightened 
and resting on the feet. 

The colour of the plumage has already been stated in a summary 
way. It is fltting, however, to be more particular on that head. The 
discomposed wiry feathers of the head, neck, and body beneath, are per- 
fect black: the remainder 'of the plumage, or that of the entire back, 
wings and tail (with the exceptions to be immediately noted,) also black, 
but reflecting, with the aid of a strong light, a deep blue gloss, and some- 
times, butseldomer, a deep green one. The third, fourth, fifth, sixth and 
seventh quills of the wings, for about three inches from their points up- 
wards, are pure white ; and so, likewise, is the terminal third and more 
of the tail. The naked skin round the eyes and base of the bill is of a 
rich light blue: the bag depending from the throat, bright scarlet. 
Of the eyes, the irides ere red, the pupils black. The bill is white, with 
a greenish yellow tinge, and the ribs of the upper mandible black. The 

feet are dark brown, approaching to black. The figure of the bird is in- 

'¥ 

finitely various in various attitudes. The familiar posture is a squat, 
with the neck feathers ruffled out, the neck retracted within the high 
shoulders of the wings, and the tail frequently erected like a magpie s, 
at other times dropped; and in this nttitudeslhe bird has a very stupid 
and clumsy appearance. When it raises itself on its feet, puts its neck 

partially 
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partially forth, closes its neck<plumes, and drops its tail, the outline of 
the body is long, narrow, and not unpleasing. But to see this bird to 
advantage, mark him when dressing his plumage with the fine shoulders 
of the wings projected, the strong, nervous legs exposed to view, and the 
flexible neck extended and arched backwards. His figure has then some 
of the graces, and even terrors of the nobler birds of prey. Its disposi- 
tion is placid and tranquil ; but it is not therefore deficient in spirit, and 
when a captive and caged, though it hates, it feats not the approach of 
dogs, and to man's approach is quite indifferent. It is easily tamed, both 
from its confidence and quiet habits. Its habits are sedentary : it dis- 
likes strong light and heat — and tenants the deep woods, covering the 
hills which overhang the great Saul forest. Its more peculiar haunts are 
the largest trees, especially such as are decaying, the trunks of which 
it perforates from the side, making its abode within upon the solid wood, 
and having its mansion further aecreted by an ingeniomsly contrived 
door: so that it is difficultly found, and more difficultly taken. That 
Avhich is now before me was extracted from the tree by cutting down to 
its nest with axes. I am told it pairs, and is not gregarious.. It cannot 
walk, but advances on foot forward.s and sideways, by hops, like a crow, or 
magpie. Its fiight is horizontal and heavy, with neck retracted and tail 
dropped. The voice of the mature bird is usually a short, hoarse croak ; 
but when angry, or alarmed, it utters a cry not unlike a dog's bark. If 
left alone, it seldom speaks, but when once excited to utterance, is most 
pertinaciously noisy. 

s 

To ascertain the habits, in respect to food, of a very rare and shy 
bird, is extremely difficult. After much enquiry, I gather that this spe- 
cies of Buceros feeds chiefly,j^pon fruits — but, when urged by hunger, 
does not refrain from various kinds of reptiles ; judging by the struc- 
ture 
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ture of its bill, legs, and claws, (the bill is fat less formidable than 
it seems to be, and the claws are very obtuse), one should conclude 
that it is not raptorial, even in the meanest sense : and its perfect 
freedom from all offensive odour, as well as the excellency of its flesh> 
(which is much esteemed by the mountaineers for the table) seem 
to go flat towards proving, that it is almost exclusively frugivorous. Ne- 
vertheless, it cannot be denied that, in the tame state, this species will 
eat meat (either raw or dressed) with as much apparent relish as fruit : 
and its natural habits, iu regard to food, must, therefore, for the present, 
remain doubtful. That which I am describing, is fed principally with 
boiled rice, mixed with ghee, and made up into large balls. Water it 
never touches. The throat is very wide, and the swallowing powers pro- 
digious. Whatever is oflered to the bird as food, is gulped entire, after 
being rubbed, more or less, according to the exigency, between the huge 
mandibles of the bill : and if not capable of being thus disposed of, it 
is rejected. As a consequence of this mode of feeding, the bird is apt 
to be incommoded by its food, after it has reached the upper stomach ; 
in which case the- substance swallowed, is immediately ar4l easily re- 
gorged into the bill, rubbed a little more, and swallowed again. 

Its odious voice, awkward gait, frequently erected tail, and sombre- 
pied plumage, proclaim its relationship to tlie Corvida; of the Slirps 
Corvina : whilst its superior size, huge bill, gressorial feet, and tiny, 
triangular flat tongue, are /aw/7y features that cannot be mistaken. 

M. le Vaillant complains of the unnecessary multiplication of species 
in this genus. Yet I venture to anticipate, that the bird now described, 
will be allowed to.be a new species. I a-m |||t sure whether it be male or 
female : nor can 1 satisfactorily learn, if the sexes are distinguished by 

any 
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any diversity of appearance. But so far as my infcmnants'ean be trusted, 
it may be presumed that the bird, above described, is a male, and that 
the female bears a general resemblance to the young bird*; which 1 now 
proceed, to describe. 

With the parent bird, a yotfn^ one was likewise taken. When 
brought to the Residency, in the beginning of August last, it answered 
to the following description, and was then telea?ably wel ^ rown. and 
Avcll-fledgcd. Wiry feathers of the head, neck, and body beneath,^ dingy 
red : tail entirely white, save at either extremity, where there was a 
margin of black : ins of the eye, greenish ^|^tc : bill unribbed on the 
upper mandible, and with the green tinge stronger than in the old bird’s 
bill : inner edges of the bill quite smooth and united : naked skin round 
tlie eyes and base of the bill and bag beneath the chin, wanting the fine 
colours of maturity si voice like the clucking of a brood-hen, falling now 
and then into the shriller, but homophonous note of the guinea-fowl ; in 
other respects, like tliJ^ mature bird. Now, in the middle of November, 
the changes noted below, have taken place : the bill less green, and more 
like the mature bird’s ; the first rib of the^dj^r mandible ^developed : j^e 
naked skin at the base q^the Jbill and the bag beneath the cldn, taking 
rapidly the fine hues of maturity : the ba^l third and jn^re of ,ljhe, tail, 
black ; and the tip no longer black: the dingy red of the body bep^h, 
darkened a good deal on the thighs^and vent : the voice hoarser and like 
thet maturenbird’s : the inner margins of, the bdl^ still perf^tly eidtire^ 

The above particulars;, how tedious soeyj|r„j,ai|^3fe^^w^<^i||hy of 
in regard to a new and very rai^species^of 
cently died: and the young,^Pl^^wilI, prob^, pot 1<^ quqjve 
Should it do so, we shalb perhaps, be^thus enpbl^jl to^s e|^ yq qae | t ^9J& 

z 2 of 
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of male and female, and, at all events, may note the changes which the 
species undergoes in the progress to maturity. 

It is proper for me to concliule- with remarking, that having no ex- 
^ tensive or scientific knowledge of Ornithology, I have been obliged to 
rely for the materials of the above description upon untutored eyes and 
ears, sedulously employed and assisted by careful reference to Shaw’s 
Zoology. ■-;!/ ? V.' ' 
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GAVILGERH RANQR„OF HILLS. 


IN APRIL, im 


By the tAiE H. W. VOrSEY, Eso. 

Assistant Surgeon His Majest^s &1th Foot. 


This remarkable range of hills is cftlled» by Arrovsmith, in his last map, 
the Bindeh, or BindachuU (Vindhya or Vindhydcficda) hills. The saine.name 
is, however, given to a lofty range of bills on the left bank of the 
as it passes through 6roiufwana, and also to those near Crtfa/ibr, I shall, 
therefore, distinguish them by the name of the Qawilg&rh i^nge, particnlarly 
as, after repeated enquiries, I have never been able to discover that t^y 
were so designated cither by the inhabitants of those Ihills or of the neigh- 
bouring plains. They take their rise at the confluence of the JPumi and 
Tapii rivers, and running nearly E. and by N. terininate ikt a short dis- 
tance beyond the sources of the Tapti and \Warda. To the southward, 
they are bounded by the va}l|||^pf andtO the north, hf the cOmfse 
of the Tapti. The length of the range is about one hundred and silty 
English miles, and average breadth, from twenty to twenty-five miles; 

On 
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, On the south^rard side they rise abruptly frptn the extensive plain 
of Berar, the average!^ height of which is on^housand feet above the level 
of the sea, and tower above it to the height of two and three thousand 
feet. The descent to the bed of the Tapt'^ is equally rapid, although the 
northern is less elevated than the southern side of the range. The outline 
of ^he land is generally flat, but much broken by ravines and by groupcs 
of flattened summits, and, isolated conoidal frustra. The summits and 
the flat land are generally remarkably destitute of trees, but thickly 
covered by long grass. In the ravines and passes of the fountains, the 
forest is very thick, and, in iqany places, almost impervious. The inhabi- 
tants are prjincipally 6^oand^|j|^Dse language, manners, and customs differ 
remarkably from those of tlie Dindus. At present, their chief occij^ation 
is hunting and cultivating small patches , of land, which produce a coarse 
rice and millet. In former years, the cultivation must have been 
very extensive, , since there are the ruins of numerous hill-forts and 
villages, which . derived their iphief subsistence from the surrounding 
lands. ♦ 

* , , , ' , -i 

Many opportunities are afforded of studying the nature of this 
monntllnoua range in the numerous ravines, torrents, and precipitous 
descents, which abound in every part, A Wernerian would not hesitate 
in .pronouncing them to be ef the “ newest floetz-trap formation,” a 
Httttonian would call them overlying rocks, and a modern Geologist would 
pronouncOt .that the^ owed their orisu^ to sub^mariue volcanoes. 

I shall not give thent any Other nitme, thq^ jhf geweral one of trap- 
rocks ; but proceeds to describe., them, and state with dif^dence the 
inferencoi .t#»icht I think, phiriodsly pread|||tUein9elves on an attentive 
study of theii^ phenomena. 


ist. 
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1st. The principal part of the whole range is formed of compact 
basalt, very much resembling that of the Giant’s Causeway. It is found 
columnar in mahy places, and at Gawilgerh, it appears stratified — ^the 
summits of sev^al ravines presenting a continued stratum, of many thou- 
sand yards in length. •. 

2dly. The basalt frequently and suddenly changes into a vrackeu, of 
all degrees of induration, and, I may say, of eve^ variety of composition 
usually found among trap^rOck ; 

<V ‘V ' , • , , . ■ ■ , 

3dly. Into a rock which ^y be named i^iferently, nOdular*wackeh 
or nodular-basalt, composed of nuclei of b^alt, usually of great spe- 
cific gravity, suriounded by Cdacerftric ‘layers^ of ' iSf lOoi^ earthy mass, 
resembling wackeU, but tvithout cohesion, which, bn a superficial view, 
conveys to the mind the idea Of a fluid mass ' of earth, having, in 
its descent from some hig1ier''bpoi;, involved in its course all the 
rounded masses it encountered, and, subsequently, become consolidated 
by dt^’ing. A very slight inspection is ipificient to detect the true 
cause of this appearance, which iS 6%in^ to the facilities of decom|losi- 
tiqn of the outer crust, depending > on difference of structure aUd ebinpo- 
sition. In none of the conglomerates/ bi' pudding "stohes, do we observe 
any traces of this structure, and it is cbmmon to' the most' cryi»taUine 
green-stone, porphyritic green-stone, and those rocks usually denomi- 
nated syenite, there can be little doubt that it is owing to thedevelopemeiit 
of a peculiar concretionary structure by decomposition. In a small ravine, 
near the village of S&lminda, twb ’ thon^iatid ffiet above the Vba, I ’saw 
basalt of a perfectly columnar structure, closely connected with a co- 
lumnar iffass formed of concei^&lB'iamcHffi,' enclosing a heai^^^and 
nucleus. Near this ravine, I had also an oppbrtiinltj of obsbivril|f'^the 
gradual and perfeebpassage of the Columnar basalt into that'^^whicb has 

A 3 been 
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bden 6 (illed stratified, from tlie parallelism ‘ of its ' planes'; the composi- 
tion being identical, and, withont d(^t, cotemporaneous. ^ These changes 
and passages, from one rotik |hto the other, aref^ so frequent and various, 
as to render it impossible to refsp'thefiiost,of them to either of the rocks 
1 haveabovementioned, as types.'' I shall, therefore, proceed to describe 
those which are distinctly marked, and their accompanying minerals. 
In external appearance, the eolumnar and semi-coluidnar basalt closely 
resembles thdt of the Giant’s Causeway, possessing the same fracture, 
internal dark colour, crtistt It is equally compact and 

sonorous. '> It, ^lloweV^ euitta'iril;<^ihoVe^ frequently, ^ cffsfuls of olivihe, of 
basaltic hornblende, ahd dF^carbonate'of lime. The fhsibility of each is 
the same. PertlSIte the bi^k’of Oawtige!^ '’range, more nearly resem- 
bles, in etery i^peet,''idfat of the Potmi^mohhtain in the Mauritius. This 
18, huwefistr, of ‘very little iidpm’tahcm^'sihoe every body who has travelled 
ihucli’itf t'rap‘t!^dlirtes,’^khowsf'Wtill what great changes in composition and 
structure Occur even iapcontinuodS maSSies.' ’Among the minerals, calce- 
dony, and the diderenb species of zeolite, are rarely found in the columnar 
baSali,but they urebPii«qoe||t occurrence in that which is semi-coUhnnar. 
The i^ken,' or indurated day, is as Various in character and composi- 
’■‘tiOn, a 4 the^bSSalf, and, unl^ftf^Uteiy^^ I'J^haveno type with which to 
^compare it, as id thl'^diSeof^thd' basalt of the Giant’s Causeway. Its 
colour’ varies with its Oonstituents, but is most usuaUy gray. It is easily 
frangible,' veiy frequ'mitly fidable,' and is almost always porous and 
amygdaloidaL It appears to be eomposed of earthy felspar and horn- 
' ' blende, with a considerable proportion of oxide of dron. It is always 
easily fusible into a black' scoria^ or glass, acooHeding to the identity of 
zeolite which it eontaihs : of all^e trap-rockS>'it abounds the most in 
sfiii|ile'ldlh"dnBdliS ; They are~*^uartz:' • . vs i 

. ‘Cale|^ohy and celcedonic^agStes, enclosing crystals of 

' ' carbonate of lime. • 


Common 



^ Co^n^f Q ap4 iMiiii.<Qp(i|ri. 

$tilbite.;, ./v:^ 

APAlcima. 

^^at^olijt;e, ,,,, 

Ict^yop|^a]lmi|e.»; 

Felspar. , . , ,> 

Carbonate of, lime, and 

' ' trt' •» ■ -i • ' * 

I have n^yer been able <,<? fl iawye? in it e.itlfX 
crystah. When Ae ajirfajs^^f, jl;^ lafiMs^gsd 
it ia a certain rfijdicati^j 
to the. .aituatioB -Sfcth» 
hilU, but much 
vated plains, l.sbidl ,l^yo 
I proceed to d.esi6ribe the '] 



ip distipct 


..when 

tyo 


, l^he nodinlar basalt, is, perbppe, the.fl^t.ieQj^npipn.,fo^.QC trep ip Uiis 
mountain range, as well as injf^ j^^^pdia. ..It,|qgi^gg|^nly 
JTonns the surface than either ^ 
the summits, as it is at the bape||.^, 
in minerals of any kind. ly# 

diluvian soil of India, ^CQppppply pplled blackipptftgp^j^il^l;, 
^ittle to add to the foriper ^lefitfi^ipt^ Ipagsi^teraal stjcp^p^^j^ sp^e- 
times beautifull|j deyfO^ope^ )|toce».in, a j(»a3|;|>^f^^Ut 

six inc^ 4iameteif^ it is^^^ 



andonstnkipg the nucleu^^ a^iMt^heaer, one^or^twoiuore 

layerapfe broken off. |t is^ipwjmgi^p.tada fa^tj of dec^fltp^tiou, ^at 

the aunual rains, carry, doif^/i^h .'^^ qaphtities of . .pluvial spil. from 
its surface, wliich is, moreover, plway^|rfiwpdjrith ap abundance of nuclei 
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in varipj^fs stages of decoofii^osition. It is owing to* the difficulty with 
which tifl roots of frees penetrateHh|p|^pck, that they are so rare on its 
surface, and never grow to any size ; yet this circumstance does not pre- 
vent the Andropogpn contortuin cmd nardus from growing in the most 
luxuriant manner, which sufficiently proves the fertility of thp^soil. 

On ascending from the I observed in a nullah, a group of 

basaltic columns, one of which was, two feet in diameter, and six sided. 
When near the summit of the flat table land of Jillan, I entered on a pass, 
formed on one. side bj^h perpendicular section of the rock, fron\ twenty- 
five to thirty feet, and on the other, by a rapid descent of forty or fifty. 
The lower part .of the section,.,. as well as the pathway, ia.composed of 
the .wacken, or induratedi of the , kind. I have before mentioned, 
of ahput.^11 feet in.thickne^; lyi|^ on it is a stratum of earthy 
clay^ of diflbrent deg;rees o^ induration and purity, twenty yards in 
length, and of about t^o feet in thickness, containing great numbers 
of entire and broken shells. This possesses all the characters of a 
stratum, since the horizontal. Jlssures are parallel, and are prolonged, 
with a.%^.-in.terrnp,tions, through the .whole extent. The accompanying 
sketch, will serye to. give )a tolejnhiy corqigt idea of the mode in which 
the stratum appears to overlie the lov^er ..rock, and to have been depress- 
ed by. that which is superincumhent. . The upper rock consists of about 
fifteen feet in thickness of the nodular basalt, or wacken. The nuclei 
being of ^all. sizes. The vertical fissures, which are . so remarkable infe, 
trap rocks, are prolonged from ...both , the upper, and louver rocks into 
thy hclly stratum, although there intermix^twre , of subst^ce. 

- . . , , 

^ The stratum is com^psed of a. highly indurated clay, fusible before the 
blowpipe into a fine black glass, and neither it nor the shells it contains, 
efferv'escein acids. The shells are, for the most part, flattened, and belong 

either 
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either to th« jgetius CQirius or yolt^Ei;" ^ It to 
fragile a substance as l^thin land 8)^)^^d\ild^hiSwl^b' Slii coi 



some mode, which at thelssiidie'ldjide ^^Gced [iw?ee of .'d 


flattened without fracturer uul^s^ it ,had 



sure to effect its flattening. ' 


I have attemj^ted, ih thdl 
the degree of flattening ; but I feall 
the specimetis thfe^a^Jyes.- 
effervesce' ili 

ahelly conglomerate, muBh^d^b , 
earth, exhibif^lg feisi'flies’ ai& 
f|(jrraer,'‘''''i^ere'' cdn \f&: 

Some Of' the 

appears to be siliebouaf clhid, 
trope. It is not fusible ’ ^ “ 




l^^isen^Vidn of 






I Hay here' mentiort 
June, 1819, 1 mentioned 
at a height of 'tiiro ^ous^ 
of nodulai>trap, and’iyi 
stone,’ con taining'hheltS^; 
grav^y, of the stone 'varied 

vesce in acids, although solS^ df thietn ‘fftdlfdj^ed 'lheif' e^^ 
Inte^l 1 y someK)f 
thos^b^ahiall i^pe«&iflt!^; 






vesced^n acids, , cdmple^ly^ 
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' It is a remarkable fact, tbat the onl^^; remains of fttiimals hitherto dis- 
covered in India, should hi foui^m trap rocks, ahd under quite peculiar 
circumstances* lot. They are found in situations where there are no 
indications of the former existenl|% lakes. 2d. Both the shells and 
niatrix are destitute of carbonic acid. ^ ^ 3d. The former are, in many 



These eff^ts co^d dnl^ ]|ap^een prpi^uced by the, ftgency 6f heat, 
and, consequently; the modem the^^"^df "a4lL-iifarihe^b^^^^^ volca- 

noes, will best serve to explain the pl^omew. These shells M'ere depo- 
a||ed in the stmtum of clay in which they are now found, ahd when forced 
up by '&6 ima^s of waij^llSrbei^ iihdst probably, at the sanqie 


up by the ima^s of waij^PSThill^ liiire, iihdst probably, at the sanqie 

time coviiied by the hodumr!l||||fialt ||gfh^ we have heat, to drive off the 
carbonic acid arid Isofip^the Ohellt under a pressure, which assisted the 
process, and, at the same time* flattened them. 


^ r hliS'e'too numereus of the intrusion of the trap 

C rocks in this distrietflkmringst ldie to allow, me to doubt of their 

vokpiiic^rigin. fifslmUvtake^^ ofjcompleting the his- 

' tOJy of the Xrap^tedira^tf')^[pdiaij!vlb I ■ have collected materials for 
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minerals, CptLEpf|:D AS!' NAGPUR 

A!N0 nti^ipmiTY; 

Vr ■ •»V'. VV^r. , s.;, ^ ^ 
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Naoi^ur, the capital of the ^ 

21* 10', Long. 70* 14', of Arroiw«|jtb< 
nearly at the' source of the 
which it has been con8i(|Bred 
might be supposed to have beesi 
the town. 




n of BePat, t ie in Lat. 
.on the :!bank»/ and 
from 
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Irhen the fo^ 
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^e Ndg Nadi often cetiises, in tfie dry tFeatlfer, to hare a running 
stream ; and, indeed, that it iiiSM;^ii^^» «tieam at all idmofll; entirely de^ 
pend^n the large ||nk of Telinker, formed a moiind a small 
valley in the trap hills, about three miles aboVe the toarn. Tbes^ hills 
have few or no springs, and the tank is supplied with, the water colltKited 
from the adjoining eminences during the|mins. 


The 
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* /The N6g j!Va ^4 a shbrJ^uiSa tirbaty-five miles, 

is lost* in the ii]^ttch|arger'Wbh)plwthe ita»4a», tN)min$ it6m the Deo- 
gerk Hills, ai^the Uite^.eltiWn falls mto the Wyn Oatasrd,* at about 
thfe.above disttocclfrom their • 

**•* t>v 

j jt r< i ^ 5 *^/“ 

The principal source of Hhe Wyn Oidga nses ’ south-east of ^eo»i, 
and after mahing a Ciitle the itowh' on the nsouth, proceeds in a 

northerly direction, tilftt is finally turned south by a range of hills beyond 
Chappara, undt^ h^fiarrow gap between 

basaltic colW^WWpethoiiii^^^^^Vite^Wi^aA^consIderabhloti^ 

^ „The ^^c|it'afb» its junction with the TTftrdo. niear Chanda, 
takeslth^fiaiflt oih l^lfnt dC^§atd is one of* the most con- 
' siderabte''l$ederB^ of ■•^Ihb eletafion of Nagpur, is about 

one thousand feet ait sCfrtbe tehtperatuite of its climate is gene- 

rally equable thtoitght^t' the yediMi^ l^e" seasons regular. 

- **■ *r •< 

'IbeaiieOf the <dwrHII‘'^||^^f'44 tery unfavourable: its want of 
tratOr in tl& d#. of the adjoining bare trap 

of wateflind rottenness 

of #je"|l»l int^ate, that it cOuld only 

ha%''iM^i|||ilie^ in'e<^n0|d||^^it)i|||l^ oanctif^ attached to the hill 
of Sitallikdi, i^hO fdot is situated. ^ 

^"^iSieolOgkaHyviflill^ intd^iCtegv fbr it is th|»oint 

of*>jnvirac|iofr^ tiestertt' #||> fcttanafiol^With a great ^nitic 

faction, 

* AUMsyt” timbers Oie i^dnity ef Ndgpnr down 

the Caiaveri to th« 1^5^ ^Jtisl succeu, sowing to the ^«igr. rapids in ^e river t but there «re 
no obstructions of any consequence, and winch might not be removed at a very tiifling cxpenojl. 
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formation, the exteiat of which is yet but partially determined. I should 
cone^e, however, that it formed a pai|;of the same granitic range, which 
is found on the confines of the plains of Bengal, reaching from the Ganges 
below Patna to the sea at Ganj am, ^j^a continuation of the great ranges 
of the Coast, and not merely a supposed continuation below the surface, 
but proh^ly traceable above ground throughout this vast extent. 

The broken and disintegrated state of the granitic rocks, which come 
in contact with, or ^proach very near to the t^|^^ afford other interest- 
ing points that may be confirmatory of the origin no|v pretty generally 
ascri^d to that formation. , 

The hill of SUdbaldt, the extreme eastern point of the trap formal^ 
tion, would appear to be insulated from the range of hills to the west of it, 
or its connection is by a narrow neck, for the sinking of wells, round the 
base of the hilf has shown it to be Ufiarly, if not entirely surrounded by 
gneiss. ^ 

The gneiss at its base is much decomposed, a greater eleva- 
tion than the next adjoining uncovered in the city, which is, how- 

ever, extremely shattered, and the whole bears the appearance of having 
been upheaved and disturbed by llHk-hasyi. 

The tfap hill^ to the west^^p^ have, in the dry weather, the most Hilr- 
ren and uuii^iting appearanee ; bein^ nearly dest||ute of water, there 
is scarcely a blade of grass or a. shrub on them, and their whole surface is 
entirely covered with loose boulders of wacken balls of small size ; if the 
rains, however, are abundant, they afford a scanty crop of stunted Jowar- 
ree. The country S. and E. of Nagpur, some distance, being the black 
soil of th^ trap, bears a tolerable crop of the same poor grain, and there is 

c 3 little 



JOB MINERALS COLLECTED 

little other cultivation except toivards the Northern?, hills, on a reddish 
soil which grows asuiall quantity of wheat andoil eropa^hut most^ very 
thin and stunted, compared with the same productions of our provinces 
on the Ganges.* About Nagpur,|g^g^ perhaps generally over the whole 
neighbourhood to which my specimens belong, the calcareous coneretions 
which we name Kankars, are^,every where abundant, the no^l^l^ about 
K&mti, (the cantonments of the Nagpur force,) mostly very small, 
black, and hard, but burnt with charcoal, they give a clean white lime, 
and a strong and qaicli^|||^ttiug cement, and arc iqpre commonly used 
than lime frpm any descriptions of lime>stone, of which there are many 
varieties at short distances. 


y. The soil a;t Knmti is so full .of small Kankar pebbles, that it is dif- 
ficult to make good bricks of it ; for if not kept a little underburnt, the 
bricks burst to pieces on being touched with water. 

Within the range of my propose^sketch, there arc no mines that I 
am aw:are of ; but there are ori||jpf.iron, manganese, and lead, and small 
quantities of gold The iron ores are poor, but that metal is abun- 
dantly supplied frqtn the. ; beyond the Nerbuddah . The manga- 

nese is the black oxide, rich and abundant, and of lead, there is a small 
quantity ii i| |pie state of Galen^^pun^pnly in detached boulders about 
the hills, at Nima ; no .vem ||^||^|||t apparently been discovered. 


, Jfeifhe principal aj||d almost sol#demand?Tor quarried sto^e was confin- 
ed, at tlie time, I write of, tp the wants of the European residents, and to 
the public buildings for the troops. The quarries open were, a quarry of 

the 


* Beyond the Wyn Ganga, in the Bandarai diatrict, the principol crop ia Kce, and veiyAbtmdant. 
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the basalt, at the foot of the hill of. Sildbaldi, of gneiss in the city, (the 

) 

Btone^iji^ by the natives in small quantities,) the disintegrated rock, for 
gravelling the roads, and one quarry of sand- stone at Silwara, and another 
at Kuinti. A slab of msgrble vrE^-'|ppcasionally cut out for images 
at Kor^r^^and a part of the same rock was sometimes burnt for 
line wlitiw^sh ; and with these exceptions, 1 do not remember any 
of the mineral productions of Nagpur being converted to use. 

„SITABALDI SPECIMEIIS. 

’IKie specimens marked No. 1* are from the quarries west of the hill 
of Silubaldt: the basalt is here exposed the whole height of the hill, and 
presents the appearance of strata by the alternation of compact and porouf 
basalt. Th(! compact rock forming strata eight or ten feet, and the po- 
rous basalt of one, or one and a half foot thick. 

if-' 

No. 2 (A) All these specimens |^e ffom perpendicular fissures in the 
basalt. The fissures are from one-eighth q|an inch to two or three inche.s 
in width, extending irregularly from the top to th<p^||l;^tpm of the hill, and 
the basalt adjoining the fissures is commonljt^oated With a thin layer of 
opal, as in one of the specimens. No. 1 

No. .3 (B) The eastern side dnd pa|t,p|^ihe^op of the hill is covered 
with wacken j^uldcrs, those surface‘1)eing small ; but some exp<ili^ 


* Basalt, compact and porous. 

The rock of SUdJbaldi is a composition of porous Basalt passing into Amygdaloid and 
Nodular Wacken,”— Dk. Voysey. 

(A) Calcedony--.CalcedoDy and Hock Crystals— .Calcedony, coated with green earth— Cole. 
Spar, in thkMii|^ers. ‘ 

(U) Boulders of Wacken. 
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near the Resident’s house, by cutting, a road on the slope of the, hill, 
are three and four feet in diameter, consisting of concentric of 

about an inch in thickness. m 

W 

The specimens No. 4, (C) are from the bottom of a large ^ell, q|i the 
slope of the hill, but near its base, in the Residency compod^l These 
specimens were met with in an attempt to sink the well deeper, it then 
being, perhaps, from thirty to forty feet ; the upper part of the rock had 
been wacken and basaltJ^it on reaching this rock the well-diggers were 
stopt, they could not get through it either by cutting or blasting, from the 
extreme State of induration and toughness of the rock. 

A 

On the northern side of the hill, in sinking a well, the' first twenty or 
thirty feet were of this decomposed rock No. 5 (B) ; below was gneiss, more 
or less decayed. The gneiss was no where to be traced on the surface, and 
immediately north, beyond a little hollow of about one hundred or one hun- 
dred and fifty yards, was a rising 8W(|j|l connected witli the trap lulls, and 
which, to the extent of the depth of numerous wells sunk dii it, was com- 
posed of wacken, c^fiy nodular, soft and light coloured at top, but in- 
creasing in density und darl^ness of colour as the depth increased. This 
swell, or tongue of trap, runs down to the city, and as far as the colour 
sh#lWed, il^ppeared to have b(||in sitq^ed on trap only ; but a quarry in 
the centre of the town disco'v^fw, gneiss almost immediately under the 
sHHfeice. The upper layer of decayed arid decaying gneis^ was carted in 
cofikiderable quantities for repaii#of roads*; the under strata were much 
broken into cubic masses of small size, as if greatly disturbed by some 
most powerful^' agent. This stone was commonly used in the city for 

rough 

4 . O 


(C) Hornblende Schi«ry and Mica Scbfai^ or Gneiss. 
(0) Decomposed Gneiss. 
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buildings, and the basement of the Palace, formed of the fine basalt 
of SU^ibaltltf neatly chisselled and very well put. together, is surmounted 
by nn upper story of this poor gneiss. The unfinished wall of the 
city is entirely of dressed basalt, at j^ast externally dressed, and of the 
best, execution. Beyond the ridge of trap above n^iced, at a very short 
distance ilaHh, the decayed gneiss is again met with and quarried for the 
roads ; but, in proceeding further north, deep trap soil covers all vestiges 
of rock, until we reach the granite of Waragaon and S&rade. 


To the West, N. W. and S. W. trap entirely prevails ; to the N. E., 

E., mid S. E., black soil in the iininediate neighbourhood, prevents the 

* '* 

observation of the underlying stratum ; but there is little doubt of its be- 
ing gneiss, as this is the nearest rock displayed in those directions. 


KHORAIIJ AND WARAGAON SPECIMENS. 


Nos. 1 and 2 (A) These spedmens are from the hill of dolomite at 
Khoriu i, distant fi^m SU&baldi about six miles, and to the north of it. 
The intermediate country is deep, black, trap soil. 


To the east is a low range of granite hills at Waragaouy the gra- 
nite is remarkable for the great quantity gf felspar in it — froj ^i ts haipng 
no mica, (or a very small quantity,") and the quartz being chiefly dispos- 
ed in masses and exhibiting frequently large cavities lined with fine ^^iys- 
tals of quart*'. To tlie west^^ Khor&n is bounded by the trap range, 

turning 


(A) Dolomite, large grained and very hard. 

Fine- grained and friable Dolomites. 

Dolomites with disseminated Steatite — with Tremolite, specks of Mica and veins of Calcedony. 
Varieties named by Dr. Voysey, “ Dolomite with disseminated Steatite and specks of Mica.’’ 

<< Dolomite with veins of Calcedony.” 

3 D 
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tuAiing off from Sitdbaldi to the north-west and some small insulated 
hills of trap are scattered over the plain towards Khor&ri. 

Below the dolomite hill andvadjoining to it, are the coloured fine- 
grained dolomi^s, ahd the specimens 3 and 4, are in connection with 
these. To thte west and north, round the base of the hill, are the 
konkars, (B) large quantities of which are dug up for lime. Some of these 
specimens are internally crystallized. 

The large-grained dolomite is quarried, but not extensively, for mar- 
ble blocks, and for lime for white-wash ; the blocks may be cut out to al- 
most any size. Immediately about the hill at Khorart, there are no 
other than lime-stone rocks in masses, but a vast variety of scattered 
pieces of stone, as gneiss, granite, quartz, &c. 

KAMTI. 

To the westward of the granite hills, and in line with them at a short 
distance, on a rising swell. Colonel Adams formed the cantonments of 
the Bengal troops on the banks of the river Kanhdn* Opposite, and im- 
mediately on the berbk, facing the greater part of the cantonments, was 
the sand-stone No. l,t described by Dr. Voysey, as a sand-stone with an 
argillaceoflil cement and specks of mica. The sand-stone had, apparently, 
a dip south towards the cantonments, under the river, but none was to be 

traced 


(B) They cover a space about two hundred yards square, in a continued mass, and to a consi- 
derable depth, “ pure Carbonate of lime/'— Dr. Voysey. 

* The Kanhdn rises in the Deogerh hills, running thence nearly south, till it reaches the plain, 
and then turns nearly due east, and falls into the Wyn Ganga, near Bandara. 

f Some varieties of this sand-stone, Dr. V. described as “ sand-stone with well disseminated 
iron glance, one specimen resembling siliceous schist.*' 

At the base of the sand-stone, in the river bed, were some extensive beds of calcareous con- 
glomerate, which burned into a dirty lime. 
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traced on the south side of the narrow stream, its breadth inland, on the 
northern side, was inconsiderable, as far as could be traced. This sand- 
stone was much broken in all directions, and the fissures, horizontal and 
vertical, were enti^5^ filled wit||||Bams of lime ab^t half an inch to an 
inchin thickness. The westerndxtremity of this aa^^stoa^l^ns under the 
Kanhdn, at a bend a little above the village of KAmti, .forming a low 
fall on the river, and was here covered by ^‘earthy red iron ore,”* of great 
density on the surface. 

No. 2 (C) These specimens of reddish granite, or granite passing into 
gneiss; are from wells in the centre of cantonments ; they appeared to be 
only thin strata or veins, as, after breaking through twelve or fourteen 
feet, with very great difficulty, sand was met with underneath. 

i* 

No. 3 (D) The bluish-green coloured specimens, composed principally 
of actinolite, w.ere from a well almost adjoining, not more than two hundred 
and fifty feet distant, all the rock of which was tinged blue. Nos. 4 and 
5 (E^ are specimens from a well further west. 

Due south of the well, which contained the specimiifes No- 2, about two 
hundred yards in some low ground, in opening an excavation for a tank, 
decayed gneiss was found close under the surface, and to the extent to 
which the tank was then excavated : the specimens No. 6, were called 
by Dr. VoYSEY, “ granite passing into gneiss, well defined gneiss, quartz 
rock, red feli^par, and green stone, the primitive trap of Werner.” F. 

In 


• Dr. VoYSFY. 

(C) Red Granites. 

(D) Bluish Granites. 

(E) Granites principally composed of reddish felspar. 

(E) All specimens from a well at the east of cantonments. 
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la none of the ■ other wells of cantonments, I believe, was solid 
rock met with, but large quantities of loose stones of every variety, 
quartz, granite, and green>8tone being the prevailing sorts, and sand was 
invariably found mixed with and beiowJp|te pebbles, ^hich would almost 
lead one to si^^oseliiiat the specimeus,‘^'^2, 3, and 4, came from immense 
boulders, and some large white quartz boulders on the west of the can- 
tonments, would each of them have nearly filled the diameter of the small 
wells. Nor was any rock visible along the river bank, cropping out to 

-f. 

show whether the granite was continuous. Except at the extreme left 
of the cantonments, and distant from the wells three miles, where a ridge 
of red, brittle, well-defined gneiss, vertically disposed, is seen in the river 
bed, and lost in the right bank of the river. 

r 

This accumulation of sand and pebbles, and cropping out of the gra- 
nite, gneiss, and sand-stone, causes a swell scarcely extending beyond the 
limits of cantonments, and afforded to the Bengal force there at the lime, 
the advantage of well-drained hard ground during the rains ; w hilst that 
between cantonments and Nagpur, and all round Nagpur w as inq>assa- 
ble, from the rottenness of the deep black soil. .An equal advantage ac- 
crued from the n^re of the soil, during the hot weather, water being 
found plentifully at little depth, throughout the cantonments, below the 
sand, whilst at Nagpur, every hot season, nearly all the w'ells run dry, 
being seemingly mere reservoirs of water, in the basalt rock, which over- 
flow in the rains, being filled by drainage of the surface. 

SILWARA. 

North of Khm'iri about two miles, on rather elevated ground, are ex- 
tensive quarries of sand-stone, No. 1.* The strata are very regular, though 

of 


* No. 1. Argillaceous Sand-stone of various colors."— Voysey, 
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of unequal thickness, and dip from 30" to 35" to; the south. Between Sil- 
wara and P&tan Sangi, the sapd-stone rises into a low hiU, upon the 
surface of which |^ quantities of the conglc^^rate, No. ^f^ij^^This lies 
alsd^in considerabll^asses in tj|| ihed of the stream, near Smontr, and 
appears to cover an extensive of the countryjjfcey^l ^ the pass of 

Kelode, on the road to Sindwara. ^ 

% 

RAMTEK. jv- 

Proceeding to the north from on the high road to JttdmUk, 

no rock is found on the surface from the former village to the slight ele- 
vation extending from S&tak to Nagardan. 



About half-way, however, in a depp well, dug for the convenience of 
travellers, at tlie depth of about thirty feet from the surface, was found a 
granite decomposed, consisting almost entirely of pure milk-white 
spar, with very small quantities of white quartz and white mica. On 
b^ing taken up, the specimeu|,of this rock fell to pieces. Not far from 
this, in a nullah, were found some large boulders of translucent white 
quartz, interspersed throughout with long thin prisms^ schorljt regularly 
radiating from centres. 

The swell at S&tak and Nagardan (No. 1.) is of quartz, but the 
rock does not appear in any considerable mass. 

Hence, for four or five miles to lldmlik, the road passes over deep 
black soil to the small advanced hill, covered throughout with quartz 

pebbles. 


t No. 2. 



ipmerate. 
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pebbl^es. This hill is in contact with the hill of RdmUh; that is to say, 
the sloping sides of each meet before tfee valley between them falls to 


the leveLof tile surroundii^;,plain, and on the slope, jg^he greater hill, the 
gneiss be^s tH appear inlmediately. ifl^tis gneiss iPbf various cotdurs, 
although th^lpHturilib nearly nniform.^me specimen exhibits the prevail* 
ing rock : Dr^VovsEv called it “ gneiss, with the aspect of a rock formed 
by mechanical deposition.” 




The abrupt-peaked termination of the hill on ^ich stand the 
temples, is about five hundred feet above the plain. The ascent on 
this side, from the village, is by a broad, steep flight of well-laid 
gneiss steps, with resting places and seats at intervals : the whole 
is of the best construction;# and promises to last as long as the hill 
itself, 


The view from the top of the hill amply repays the labour of ascent. 
Southward it extends to Kdmti, over a tolerably cultivated* open plain, 
but which, when the crops are gathered, fias a barren enough appedV- 
ance, for the intermediate villages are small and few, and for want of wa- 
ter, scarcely anytlpig of what may be called the garden crop of the 
more favored parts of the country, is to be seen. Immediately around 
the hill of RdmUk, however, are numerous large tanks, which supply 
irrigation to a number of Pdn Khdts, and a few gardens of common 
vegetables, throughout the year. The ground near the foot of the 
hills is covered with mangoe trees, which extend a considerable way 
up their slopes, on what looks as bai;ren a soil as can well be imagined. 
To the north, across a small valley of two miles or less, which is always 
green, and well studded with clumps of trees and villages, rises the first 
range of the hills which extend to the Nermadi. 


The 
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The prospect in this direction is very limited, and shows, ^ly of 

little elevation, entirely covered with deep jungle. To the eastApd west, be* 
low the range of hillp^ the country enjoys considerable mcansr^^nrigation, 
and is comparative^ well cultii|||pd. And direoUy underndilh, to the 
east, is the very picturesque val^ of the hill itsel^ill^hi<^i^|^in the point 
of the enclosure of the temples, forks out into two branches, that, after a 
range of three or four miles, curve towards each other, and, though not 
exactly meeting, appear to do so ; small detached hills and promontories 
enclosing the s^ne. At the head of this valley a large tai^ lias^e^n 
dammed in, round which are several pretty little Hindu buildings. , , , 

To this tank also, from the top of the hill, descends another noble 
and easy flight of steps, formed, as the other, of gneiss. 

The first range of hills, north of Ramtik, is of quartz, and the begin- 
ning of the Chat is of the white quartz of the specimen No. 2 ; farth^ 
on, gneiss occurs, and at Dongert&l, eleven; miles from RdmUk, and the 
top of the ascent, the little hilljs of rock scattered about the tank and val- 
ley, are of granite. 

Below the hill, on the south and west, are considerable beds of marie, 
capable of being burned^nto tolerable lime. 

Between the lesser RdmUk hill, and the point of arrange of quartz 
rock, on the west, is a gap of about two miles ; and three or four miles 
north of this is the village of Kumdrt, the last to be met in approach- 
ing the jungle, which here is very high and thick. 

On entering the jungle, the surface rock appears to be white mica 
schist, entirely disintegrated ; and pj g^e eding on three or four miles, the 

ridges 
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rdcks, fram which the specimens from Kum&ri are taken, are 

met with. 

. '* * * § ■; '( ■ ■ 

The sp0eimdhsof rcdlljllie-stone, No|^* constituw» the principal mass 
of the rpcks^|||||ch appeared to have east and west direction, and 
to be vertically disposed ; for, though there was"' no distinct appearance 
of stratification, the rocks were divided from each other, and lay in sharp 
ridges. Nos. Towards the north of these, the lime-stone passed (form- 
ing ^ gradations of colour, from a white grey to deep blafik,) into a rock, 
composed almost entirely pf manganese. 

Nos. S.J These specimens of granite veins were knocked off from the 
tops of the lime-stone ridges, into which they ran ; by the quicker wear 
of the lime-stone, they were left as protuberances of tM'o or three inches 
liigh. 

The remaining specimens^ (Nos. 4.^) are from the adjoining rocks. 
These (Nos. 5.^) and the liipe-stone rocks, are situated in tlie bottom of a 
nullah, in a deep valley overhung by a thick forest, and so infested with 
tigers, that^ittle re«arch could be made beyond tke small open space the 
nullah aftbrded. The lime-stone rises in its bed and runs to the westward ; 
the eastern bank appeared to be of gneiss, or vai^ties from jt to quartz 
and mica schist. The kaukars formed some large blocks immediately 
below the lime-sl^ne. 

Proceeding 

* Nos. 1. Priniitivc Crystallized Lime-stone with veins of Granite, Quartz Rock, and Glossy 
Actinolite. 

f Nos. 2. Gradations from the above Lime-Stone into a Rock, consisting principally of black 
Oxide of Manganese. 

\ Nos. 3. Granite veins. 

§ Nos. 4. Gneiss and Quartz. 

^ Nos. 5. Calc* Tuff and Kaukars. 
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Proceeding from RdmUk to the west, the low range of broken .hills 
appear to be a confused mass of quartz boulders ; further on, a granite 
country is entered ttpon, or rather a country formed from granite debris, 
gravel of mica, fclspitr and quarti^omposing the surface, with here and 
there crumbling blocks of granittl and gneiss ; but scarcel3^Jl|ltything like 
the live rock is to be seen till you arrive at the river Pesh, below the vil- 
lage of Nuyakund. Here, from under the high bank of the village, a dyke 
of gneiss, perfectly vertical, crossed the river, and formed a dam, interrupt- 
ing the navigation. The dyke was lost in the opposite bank. Being em- 
ployed in breaking a channel through this rock, the whole of its interior 
was laid open, and Dr. Vovsky was so much struck with the contortions 
it displayed, and its variety of appearance, that he visited this place, by 
himself and with me, four or five times, and we have much to regret the 
imperfect state in which he left his MS., which has deprived the Geology 
of India of the remarks of this most acute and extensive observer. Few 
will ever be found superior to him in intelligence, and none in close ob- 
servance of facts ; and we can scarcely expect for some years, a person who, 
combining these qualities, will enjoy his great opportunities of seeing the 
formations of India throughout nearly its whole extent. 

The gneiss (No. 1. A) varied from granite to mica schist ; but the gra- 
nite parts were veins, or rather imbedded masses of granite, for of most, 
the whole extent could be observed to be included every where in the 
gneiss. Quartz rock was frequently buried in it in the same manner, and 
wherever the granite or quartz occurred, the grain of the main rock was 
disturbed, and bent from its otherwise straight direction. 

The adjacent rock was a grey granite, composed chiefly of whitish 

felspar, 


No. LA. Contorted Gneiss. 
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felspar, in very large crystals ; in a mass of this, in the bottom of a ravine, 
the rock was distinctly traversed thrice or four times by granite veins, 
accompanied by as many heaves. The granite of the veins becoming 
smaller-grained, and redder, as more recent. I do not recollect that the 
veins had anj^^mica, the chief ingredient was red felspar. 

The gneiss dyke, though the contact was not actually to be observed, 
must have proceeded through the granite before it reached the bed of the river. 

Gokula is three or four miles up the river Pesh, from Naif aJc and. The 
river is here again dammed up by a very extensive dyke of crystallized 
lime-stone. Its colours are brilliant, chiefly red and blue, or grey veined 
with blue, and is highly polished by thecontinued running of the waters, and 
broken into singular shapes, and hollowed into deep cavities and fissures. 
Tlie stream, of the most transparent water, dashes through it in a narrow 
twisted and obstructed channel, and ends in a large natural tank, worked 
out of the marble by the river ; its depth we could not fathom, with the 
means then at hand, and being shaded by luxuriant trees, and backed by 
the fantastic sha{)es of the polished marble blocks, it formed a scene that 
was highly beautiful. Behind (north) was an amphitheatre of hills, and 
in front an open cultivated country. 

The left bank of the river is composed of decayed gneiss ; the right 
bank of clay and a loose conglomerate of pebbles : the lime-stone occupies 
the bed of the river only, and appears unattached to either side. 

Here, as at Kumdr'i, (Wo. 1. B.) the lime-stone, wdiich is much the 
same rock as there, passes into a quartz rock, coloured by manganese ore ; 

the 


No, 1. B. Varieties of Crystallized Lime-stone. 
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the dark (No. 2.) stripes given by which are very variously contorted. 
Towards the left bank, granite and gneiss were formed, passing into the 
lime-stone, the gradation from the one to the other being very gradual, 
and showing intermediately, an intimate blending (No. .3.) of the two 
rocks, which could only have taken place when both were in some degree 
of fluidity. 

Before leaving Gokuluy I may be allowed to notice the very numerous 
tumuli of the neighbourhood. The rings of stone which marked them all 
were, in some instances, as much as fifty or sixty paces in diameter; they 
w'ere mostly unraised, but some were elevated by a heap of stones. Dr. 
VoYSEV noticed, that they were similar to those about the Hyderabad 
country. The natives appeared to have no tradition concerning them, 
nor any idea of what they were. 

Dr. V. and. myself had one traversed in the centre by ditches of con- 
siderable depth, but we did not succeed in meeting with any remains. 

The following is a part of the collection Dr. Voysey made, between 
Nayakmid and Goknla, and named for me by him : 

Slaty iron glance. 

Granite, large proportion of quartz, with specks of mica, porphyritic 
syenitic granite* the hornblende being in large crystals. 

Quartz, passing into chert. 

Black mica schist. 

White ditto ditto. 

Sand-stone, 


No. 2. In two specimens arc veins of a Lead ore, or of Antimony. 
No. 3. Limc-slone, passing into Gneiss. 
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Sand-stone, with iron glance. 

Granite, red felspar, »iuart*, and a small quantity of mica. 

Granite, red felspar, and hornblende, like mount Sorel. 

Granular quartz and epidote. 

Gneiss, passing into sand-stone. 

Dolomite. 

From the bed of the river. 

Heliotrope. 

Imperfect calccdonic agate. 

Red jasper. 

A green silicious indurated stone. 

Onyx of calcedony and quartz. 

Quartz, coloured by iron. 

These last specimens would seem to sliow that the Pesh, in its course, 
crossed a trap country, and, though it rises in a granite country, and 
chiefly passes through gneiss mountains, yet it may be presumed, (as 1 
observed in going to Siiidwara, that the ascents and tops of the ghauts 
were of trap,) that it also meets with partial formations or veins of trap 
and basalt. 

Crossing the Pesh, three miles to the cast, are two detached hills at 
Pdrsmd, these are of a decaying rock, varying from granite to gneiss, 
aird to quartz, the latter, perhaps, the prevailing rock, at least on the 
surface, and five or six miles further east are two other detached and 
larger hills of much the same variety of composition, at the village of 
Nina. On one of these was discovered the specimens of galena, which 
Avere contained in quartz rock. Some specimens were very rich in ore, but 
nothing like a vein of the lead could be traced, and what was met with was 
contained in small quartz boulders, scattered on the side of the hill. 

Returning 
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Beturninp: back to Nasrpur by a middle route, between the granite 
mounds of iy<mi<r((on and the range of hills ^ the north, a little hill and 
a ridge of rock, running E. and W., is met with near liishwambher. 

The rock is of a cherty quartz and cellular, (No. 1 .*) and much inter- 
mixed with a quartzy ore of manganese. The top of the ridge has the 
exact appearance of the remains of a strong wall, and may be traced for a 
considerable distance along the plain, and scarcely rising above it. 

The rocks were stratified and vertically disposed. Immediately north, 
a part of the' bank of the river is formed of massive white quartz, and 
inland, are traces of granite. 

On the KanMn, at Mntni Mahodif, after passing east over the plain 
from Nuijfpnr, another dyke of eontorteil gneiss is met with, exactly simi- 
lar to that of Nuyulaind ; it is here accompanied by cellular iron clay — ^Thc 
extent of the gneiss beyond this, I am not able to mention ; but it proceeds 
beyond Handera, and my belief is that it forms part of a great granitic 
formation, meeting by the way of the Ltdnji hills and Retenpnr, at 
Jlamqerh, the great granitic range which sweeps round by Hatasorc and 
Cut lack, to the Coromandel Coast. 

Near Komta, under the Ldnji mountains, are hills of red ochre of 
good quality ; and in one of the nullahs running from that direction into 
the Wyne Ganga, gold dust was found, samples of which, and the extract- 
ed metal, I had the honor to forward to the late Dr. Abel, for the inspec- 
tion of this Committee. 


* Quartz and Cherty Quartz. 
3 o 


The 
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The specimens from Sedni (* Nos. 1,2,) bring down the Chapara 
basalt so far to the south ; |pLt immediately bordering at Chnori, is a bed 
of iron clay. No. 5, resting liiost probably on gneiss ; its breadth there, on 
the road to Nagp^tr, is trifling, and south of it commences a granitic 
formation, Avhich extends to that city. Nos. 3,t are from small mounds of 
lime-stone of Seont, three or four miles, which I had no opportunity of 
visiting. 

Sindwara lies a little to the westward of north of Nagpnr, and about 
sixty or seventy miles from that city. The specimens of granite 1, 2, .3, 4, 
are all from the immediate neighbourhood of the town. 


The gneiss of the valley of Nagpur extends by Kefode to Lode/icra, 
overlayed iii many parts by extensive but shallow masses of pudding- 
stone, similar to that at Patansinhi and Sawidr. After ascending the 
last ghat, which was covered with trap, the rock met with is granite - 
and this I traced nearly to Baitul — the descending ghat to the valley of 
Bailul, and last few miles, only being of trap. The top of the valley of 
Bailul is granite, and this formation extends north nearly to ITaxann- 
bad, with some small interruptions of sand-stones and trap : the bottom of 
the valley is trappean ; part of the great trap of the west, with w'hich it is 
connected by the valley of the Tapti, and the Gawilgerh and Amgerh 


ranges of mountains, and it is united by MuHai and Pandiirna, with the 
hills of trap, whose extreme promontory in this direction east, is the hill 
of SUabaldt. About mid- way between Sindwara and Baitul,’- ore some 
romantic piles of massive and immense granite boulders, some, perhaps, 
logan rocks, most of which hav^been consecrated by the superstition of 

the 


♦ Seonty Nos. 1,2, Basalt, very similar to that of 
f Granular secondary Lime-stone. 
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the Gonds, and are striped, and crossed, and crowned with streaks of red 
lead. Some parts of this high ground .a^ds fine scenery as any I 
have met with in the country. The surface is beautifully undulated, and 
the trees scattered at considerable intervals, leaving glades between of 
fine pasture. The elevation is about three or four thousand feet; the 
climate temperate, and the firm growan soil is by no means de.stitute of 
water — being constantly intersected by the little rills which form the 
sources of the Kanhdn, Puna, and l^apti rivers. This fine country has, 
however, only a scanty population of rude Gonds, and is almost totally 
uncultivated. 
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OCCURRENCE OF GYPSUM 

IN THE 

INDO-GANGETIC TRACT OE MOUNTAIxNS. 
By Capt. J. D. HERBERT, Sup. Min. Sur. 


In the Wernerian arrangement of rocks, viC find distinct places assign- 
ed to the titles of Primilioe, Transition, and Flwlz, Gypsnni, leading to the 
conclusion that this mineral is foun'd, to some extent, in rocks of these 
several ages. Some geologists, however, appear to doubt the existence of 
Primitive or Primary Gypsum. Dr. Maccui.loch, inhis ‘-ciassification of 
rocks,” hesitates to admit it. So does a writer in the 20th volume of the 
British Review, who yet adopts the Wernerian arrangement, as, in the 
main, conformable to observation. Professor Jameson states, that it has 
not been found in extensive masses in any primary rock. Profe.ssor 
Cleaveland admits its occurrenc^n the Alps, but it is most probable that 
he alludes to the fact mentioned by M. Humboldt in his “ Gissement 
des Rochers,” who states that at the Splugen pass, in the Alps, pymitive 

gypsum 
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gypsum occurs mixed with dolomite, in beds Subdidinate .to mica slate, t 
With regard to Transition , Qypsum, its c^un^Ube is less question- 
able ; but all authorities concur in fixing the prinoiphl and most important 
depositor gypsum, to the newer red or saliferous sand-stone, (the rea 
marie of England, and hunter sand^stein of Werner) or in its associated 
rock, the mountain iime-stonO. ' 

2. It was with these e^ideratioms in my view that I have always 
looked to the hills which bound on the south side, the several" liMs or 
vnllics that stretch along the foot of the great mountain tract, as the ipbst 
probable locality iii which to find this substance.: They answer perfectly 
in character to the description given of the red marie of England. That 
they are really a typemf the saliferoUs eand-stoqe, is proved by the occur- 
rence^'^ extensive dep^its of rock salt in their prolongation towards the 
Indus. 

3. The gypsum, however, of which I have the honor to submit speci- 

mens, is not found in those mountains, but in the clay-slate formation 
which bounds these vallies to the north, and which certainly possesses' 
none of the characters of a sqpbhdary/'^ock.'. It will her differently nabi|^ 
by the followers of different sy|(tems;'%hose Vrho j^mit a transition class, 
will probably distinguish i.tby that term v wljijile thpi^ who reject that 
class will, at (pice, call it 'priidary:':;|t possesses character bl the 
trai^ijtion clay-slate in its gj|^pq|ajr.^mpp5ition^ in bMung^Ociated with 
a feti4 litge-stbne, anil in lying..,>jbetween the 6a:oadaiy and the better- 
defined primary strata. It is to bnsnoted, however, «Aat tlie gypsum occitia 
in very sniilll . quantity ; it app§ain^/to indeed; f^irtain, ^at whatevei^ 

l#<the age of the including rock, the gypsum itself is of comparatively 
modern formation, and similar in its origin to those masses of stalagmitic 
lime^f|one which are found ih every rock, irbin the oldest gneiss to the 

3 H newest 
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ixielK^it floctz rocks, and that it is a merely local occurrence. This opinion 
1 derive from the very limited qumitity in trhich it is found, from its being 
associated with a sulphuretted lime>stone, and lastly, from its containing 
fragments of the neighbouring rock. 

4. The principal deposit occurs in the bed of a stream which leaves 
thg hills immediately below the village of Ndgal, in the Dehra Dun — 
This stream, so well known to visitors who^^me here from the llaridwar 
fair, as deriving its name from a spot called Sansar Dhdt'd, * or the 
dripping rock. This is a perpendicular bank of fifty feet in height, which, 
for a breadth of sixty or seventy reet, is faced with pendent stalactites, 
from which, and from the brow of the hill, descends a continual shower 
of drops. The water contains carbonate of lime^ solution, (probably 
through the medium of ca^nic acid) and is contltiually depositing it, so 
as to add to the number d^^fell as size of the stalactites. 

> Jfr ■ 

5. Two miles beyond this spot, at the confluence of another stream 
which comes from the left, the water of which is also charged with car- 
bonate of lime, is seen the gypsbm associated with a rock of rather an 
a^inalous character. ' It has all' the aspetit of a lime-stone, but refuses 
to effervesce with acids, or at least floes so very feebly. It is frequently 
of a deep black color and /etid odor; particularly when struck or fractured. 
The odor is thdt of sulphuretted hydrogen. As it passes, into well cha- 
racterised 1ini||ikStone, it must be considered, geologically, as one of the 
numerous types of that rock, though, as it is so highly che^gt^d with 
argillaceous, and probably siliceous matter, its cMtim to the title of a 
lime-stone would not ih so obvihbs in a hard specimen, it is’one of an 

extensf^ 


* Or, According to some autlu>ritie8,%tortor Dhdrd. 
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exteqsiye ajeries of beds included, ia <;lay-8late m Rave before ob- 

served, may be cither transition or primary, af^rding to the ol>Siei^er's 
views. Fragments of the clay-slaje, as. well as pf , the, lime-stone, occuaruin 
the gypsum ; the former rock is distinctly stratified > and dips east with ^ 
inclination varying from 30" to 50"; the lime-stone is not so generally stra- 
tified, or at least the stratification is often very obscure. 


6. The gypsum is o^|^ prismatoidal species of Frpfessor Mob’s, of 
the variety called foliated granular ; it is of a 8no#-white color, tha, lustre 
is equal, or perhaps a little superior to that ,of white marble*- 7 lt is. scarce- 
ly translucent, or if so, only in a low d^ee. One small specimen nrhleh I 
saw was i>erfectly so, and had all the. appearance of the most beautiful 
alabaster. The spemfic -gravity I find to be 2.’24, which is v^ithinthe 
limits determined bjf^^ofessor Mob ; the hardness is about 2.0. In strict- 
ness, however, the hardness of a mineral ca^ft be determined from spe- 
cimens in which the individuals are so small, at least not in the deter- 
minate manner required in the scientific system. 


7 . A second deposit bad been disepyered, about two piUes up the bed 
of a stream which falls in opposjite to^ai^r Dhdrd, by a genUeman who 
had visited the spot, and mentioned the occurrence to me. I .was notTOc- 
ccssful, how'ever, in my attempts to find R, alth^jighl.met with a sufficient 
number of fragments to indicate ,the neighbourhood of some larger 
mas|. The description given, witli an exapainatipn p^ the specimens, 
enal^ me to decide that it wtis a small bed, o.r mass, in clay-slate. Some 
of tte specimens hs^ the slate ^adhering i .it appeared evidently to have 
been formed by infiltration, or depositipa, from w.^, subsequently to the 
cfiay-slate, as the bed which, in its greatest extent, was nearly horizontal, 
had taken a downward direction, so as to fill, up a perpendicular creyice 
in the slate. The gypsum eifiticUy r©S6Jubled that of the preceding locality. 

Though 
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Though t could notihnd the principal . bodr 1 detected & small mass of an 
irregular figure, enclosed via angular debris, which,, from its impurity 
and the freshness, of its surface, . had been, I conclude, formed in that 
situation. The u^ater of . this, stcej^ is. impregnated with sulphuretted 
hydrogen. 

. 1 ,. 8. The third locality is on the ascen| from the village of Rdjpur, 
immediately below the hamlet of /art Pdi||||p|uated in the range which 
rises to the , north of Dun, It has been found, as yetj only in veins, 
in a blue lime-stone, and chie^ of that variety called hbrous. Here, 
too, as at both the other localpfes, the, rocks develope, on being frac- 
tured, a strong odor of sulphuretted hydhlgen.. .How far. this fact may be 
connected with the origin Of the mineral in thesqy^aces, remains to be 
determined. 

NT?:" 

9. The strong family resemblance which the lime-stone rocks bore 
in this place, to those injcon, tact T^i|h the gypsum^ at the former two local- 
ities, was sufficient warrant of the actual existence of the mineral, in great- 
er quantity, in the imqiediate peiglffiqur^pqd. ; Aqd I was afterwards for- 
tii^te enppgh t.o di^over spot where these 

fr^ments had bee^ picki^ up- This fourth . l^OOlity is„on the northern face 
of the range, in , the ,ascc^ the b.amlot pf . to the summit. 

It is found in,, some .qu$iht%, . add. of the same .character, and under 
prcciseljr the gjfine DM-;, The mas[^..’of 

which there are several, are al| supi^pi^], and 90ntaW».^agments, Athe 
black fetid rodk on irhicb they, lie, which alsoi ^ke that at Mnsar 
DXdrd, though non-dj^^escenf'ill^elf, passes, ,^into one that is — and 
which also, when rubied or struck, gives out the odor of sulphuretted 
hydrogen., , , 

10. In 
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10. In the first volume of the new series bf the Geological Transac- 
tions, a specimen of gypsum, as also of anhydrite, * is enumerated as 
amongst those presented to the Society by Mr. Colebrooke, in the name 
of Captain, then Lieut. Gerard. 1 have also heard of a specimen in 
a Calcutta col^ction, which had been presented by Dr. Govan. I am not 
aware of the locality of the latter ; the former was found somewhere in the 
bed of the Spili river, on the confines of Laddk, and at no great distance 
from a primary formation. No particulars are, however, given of the mode 
of its occurrence. These are the only instances of gypsum being found 
in these mountains, that I know of, besides those detailed in the present 
paper. Who was the first discoverer of the Dehra gypsum, I cannot say. 
1 have been told that the substan^ had been familiar to the residents in 
the J)uH, who confounded it with white marble, and that Captain Grant, 

Sahfirnnpur, was the first to suggest its real nature. 

1 1 . Gypsunj is used as a material for statues, vases, columns, and 
similar works of art. The purer and more crystalline varieties, are even 
used for ornaments. When the water which it contains, and M'hich 
amounts to twenty-two per cent, is driven off by burning, it forms the 
plaister of Paris, or material for stucco work, and for casts. It is also 
used (unburned) as a dressing for land, extensively, I believe, in America. 
The quality of the mountain gypsum is such as to fit it for all these 
purposes, except the second ; but the quantity which has, as yet, been 
discovered, is not, perhaps, sufficient to render it an object of much atten- 
tion.: ^'^careful search might be successful in laying open greater stores, 

though. 


* I have in my possession a rolled piece of Anhydrite, presented to me by G. W. Tjiaill, Esq^ 
Commissioner; but 1 have mislaid the particulars of his note : it was, however, from the neighbour- 
hood of the Snowy Peaks. 
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though, from what I have premised, there is little hope of finding any very 
extensive beds in the immediate vicinity of the present quarry. 

JUist of Specimens forwarded by Dawk J3anghy. 

No. a specimen from the quarry, and will serve to give an idea 

of the best picked quality. (Art. 5.) 

Nos. 2 and 3. — Are specimens of fragments from the bed of the 
stream. (Art. 7.) 

Nos. 4 and 5. — Are specimens of tlfe mass found in angular debris. 
(Art. 7.) 

No. 6 . — Contains imbedded fragments of associated rocks. 

i>f>STSCBll'T. 

Since first drawing up this paper, I have had access to one by 
M. Bkochant, on the gypsum of the Alps, which it appears, till lie under- 
took the examination of it, was considered to be a member of the primary 
class of formations. M. Bhochant finds this opinion untenable; and 
from a large induction, lie thinks himself entitled to conclude, that all the 
masses of gypsum in the Alps which he has examined, (and which he par- 
ticularly remarks are superficial,) with whatever rocks associated, belong 
to one ajra an lera later than that of the newest of the rocks it^^^oin- 
panies. Now, in one of the lime-stones of this association, he has detected 
organic remains ; so that if his conclusion of the coteraporaneous forma- 
tion of these apparently unconnected masses be sound, they become, at 
once, referable to an ®ra posterior to that of primary formations. This 
so far confirms my view of the origin of Himalaya gypsum. 

I ought 
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1 ought to add, that, in mineralogical character, as far as that can be 
fixed by description, the gypsum of the Alps bears the closest resem- 
blance to that of the Himalaya. Add to this, that they are, in both cases, 
found in superficial masses, M'hich can hardly be called either beds or 
veins, that they are apparently independent and limited in extent. 


XIV. 
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ON THE 

FERTILISING PRINCIPLE 

OF THE 

INUNDATIONS OF THE HUGLI. 

By H. PIDDINGTON, Esq. 

It is a generally received opinion, that the fertilising principle of the 
inundations of the great tropical rivers, is vegetable matter in various 
stages of decomposition ; in as far as relates to the HiigH, this is not 
the fact ; as the following details, abridged from a paper presented to the 
Agricultural Socie^, will show. In a country, where European skill 
must shortly be far more extensively employed in developing its resources, 
than it has hitherto been, nothing which relates to the soil can be in- 
different, or foreign to the views of the Physical Committee. 

%/ 

/ / 

“ It is well known, that while the tracts within reach of the inunda- 
tion, preserve their original fertility, the higher soils are gradually and 
rapidly impoverishing, and this to a degree of which few, who have not 
made the subject one of attention, are aware ; there are some crops 
which cannot be repeated, unless at intervals of three or four years ; while 

on 



on the low lands, these are the only ones wh^a are taken for a period 
beyond the memory of man. Indigo is a striking instance, and the most 
familiar one, of what is here advanced ; and it was with ^ view to some 
improvement in the cultivation of this plant, that the following Analysis 
were instituted. 


Portions of the silt, (or mud, deposited by the inundations,) were 
procured from JBdnsbartah, near Sukhsdgar, an^ from MoJiatpur, near 
Kissinmggur ; the analysis of each gave in two hundred parts. 


•••• •••• «•# 

Saline matters, (mostly muriate of j^tass,) 
Vegetable matter, destructible by heat, 
Curbonatc of lime, , , . * ... 

Phofepliate of lime, .... 

Sulphate of lime, .... 

OxyJe of iron, «••• «•.. 

Silex, ...« •••• 

^luiniua, •••» •• 




Silt/r<tm Silt from 
B&noburM* Mofuttpur, 


2 

3 

Oi 


H 

H 

124 

I6J 

0 

1 

0 

0 

12 

13 

1.56 

159 

H 

U§ 


Loss, 



180 ^ 

n 


200 


The very unlooked-for circumstance of only two and a half per cent, 
of vegetable matter being found in these specimens, appeared almost to 
exclude the idea that this was theTertilising principle; or at least that it 
could be exclusively so ; while, on the other hand, from six to eight per 
cent, of calcareous matter appearing in them, when in an extensive series 
of analysis of the higher soils, thills always found remarkably deficient, 
(seldom more than 0,75 to 1 per cent.) pointed to the conclusion, that the 

3 K calcareous 
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calcareous matter was, p^^aps, the great agent ; and, in as far as regards 
Indigo, this was found, by experiment, to be the fact, for a minute portion 
of lime was foimd to increase the produce upwards of 50 per cent. Tlie 
details of the agricultural experiment I omit, as foreign to our pursuits. 

In consid.ci'ing farther this subject, it occurred that lime might proba- 
bly exist, in Solution, amongst the rich mud on which the seed is sown, as 
the waters recede, and His was found to be the case ; a quantity of it, 
taken at the moment of the subsidence of the waters, being procured, it 
was found that the drainings from this were highly charged with carbonic 
acid gas, and that lime was held in solution by it, a fact whic.h throws, 
perhaps, some light qu me pbj^omena of the formation of kaukar.” 



OF THAT FART OF THE * 


HIMALAYA MOUNTAINS, 

^ t ' ' 

LYING BETWEEN THE SATLAJ AND THE KALI (GAGRA) RIVERS; 
Considered in an economical point of view: H^Hditig <ah Account of the Mines, 

'.A . . 

and methods of working them, nitlt suggestions for their Improvement. 

By captain .1. D. HERBERT, 9th Regt. B. N. I. 

Late Sup. Min. Surtvy, and Assist, to the Sur. Gent, of India, 


The survey of tlic mountains, of which I have had the superintendence, 
having been brought to a close, by order of GovernAe ^. I have, in the 
selection and arrangement of my materials for the fol^ion of a final 
Report, thought that the accompanying paper on the mineral productions 
of that tract might be acceptable to thd Society. It forms a commuriica- 
tion intelligible in itself, and independent of the othef details ; while it is 
not of a length to fatigue the attention. A subject as ye^‘ untouched by 
any pen, it may be not even without its interest. 

’I' 

The metallic ores arc the ^incipal productions considered in an 

'■y#' 'tit 

economical point of view, and the details relating to them, including an 

account 
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account of the mines and the method of .working them, constitute the larger 
portion of tlie paper. 1 have added such suggestions as have occurred 
to me, for the improvement of the more obviously defective processes. 
But possessing little (if any) knowledge of practicaljnining, it is very pos- 
sible that my suggestions may not be always improvements. The reader 
will take the^fgir so much as they are worth, and no more. 

i^As the subject is a popular one, I shall not affect any precision or 
refinement of method, but endeavour to communicate the little 1 know in 
the most intelligible form I can ; guided only by convenience as to the 
order in which I shall notice the different substances. They may be 
divided, then, into two secjUons — the first to consist of those which do not 

-rv'^v 

furnish metal, the latter, incl^ti|jjlg all the metallic ores. 

I. 

Of minerals, nt't useful to the metallurgist, though otherwise produc- 
tiv^ij^ the following are found : 

1 . Sulphur. 

2. Green Sulphate of Iron. 

a. 

4. Bitumen. 

a. Graphite. 

0. Gypsum. 

7. Bimestone, and 

• ' iwy 

8. Potstone, or Indurated ^alc. 

* V 

I shall bestow a few words on. each of these, and the:^, proceed to the 
second section, comprising the MetalUc;J^ineral8. 



1 . — Sulphur. 
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1 

A 

1 .‘’Sulphur. 

This substance appearS^to 4eserve the first notice, if it be only for its 
value as an ingredient in' the mann^ture of gun*powdcr. During the 
late war, its price rose to ^90 per ton in Europe, and it would seem a 
subject not unworthy of attentioit, to ascertain in ‘tfhat quantity and at 
what price we could dtaw it from our own provinces. There are several 
sources of supply within these mountains ; but it is to be feared that the 

f 

expence of carriage would neutralise any profit to be expected from the 
more remotely situated of these. It is found in the deposits of hot 
springs, occurring in the bed of the and of the Garjia rivers; 

m the province of Kamdun, mixed with carbonate of lime, from which it 
is readily separable by a subliming heat. — It occurs inconsiderable quan- 
tity in some of the galleries of the lead mines at Mifwdr, on the Tons, in 
Jmins&r. — It may also be obtained in the first roasting of copper pyrites, 
as is practised at the Pi' kks’ works in Anglesea, or of the ores of Galena, 
as was elFectcd in the lead mines of Cronebane, in Ireland. It is not easy, 
without further enquiry, to estimate correctly the amount derivable from 
these several sources. Doubtless it would be considerable, and proba- 
bly greater than any demand likely to ari^e immediately. 

2 — Green Sulpluite of Iron. » 

111 connection with the d^posites of sulphur and carbonate of lime oc- 
curring at the hot spiiugs, there are also found extensive surfaces cover- 
ed witli an efflorescence of green sulphate of iron. This substance might 
be further obtained, in any quantity, from the iron pyrites of the mines. 
The conversion of the sulphmrftl into the sulphate is cfiectcd by reducing 
it to small pieces, exposing Ha fhe air,^ and occasionally sprinkling it 
with water; oneittitms.rcQuiTihfil little labor.. and involving no other ex- 
pence. 

3 , — dlmn 
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3. — Alum. '** 

Alum has not (as far as I know,) been yet found in Europe, other- 
wise than associated with the argillaceous schists. In America, ^w- 
ever, a notice lately appeared, to which some degree pf interest seemed 
to attach, of its having been found in micaceous schist. Our mountains 
aiford another example of this fact. Near Almdrah, in the bed of the 
Cosilla, it may be seen as an extensive efflorescence on mica slate, and 
it is probable that, by quarrying and lixiviating the rock, profitable quan- 
tities of the mineral might be obtained. From observations made 
when I was occupied in other duties, and not so precise as to the exact 
nature of the mineral, I think it probable that there are many similar 
examples of its occurrence, and that it is by no means rare in our moun- 
tains. 

4. — Bitumen. 

Bitumen occurs, but in no great quantity, if we may judge from the 
price it bears. It exudes from the crevices of a lime-stone rock, on the 
summit of the range between the Sarj& and the R&m<fan!r&. Ou ex- 
posure to the air it hardens. It is used by the natives as a medicine. 

5. — Graphite. 

This substance has been found in round nodules of sizes, from one 
to three inches in diameter, scattered on the summit of a ridge composed 
of a highly carburetted micaceous schist. Nobbed, or mass in iitu has 
been yet observed ; but there is litUc doubt of the existence of such from 
considering the character of the rock, combine^ with the mode of occur- 
rence of the mineral. Many of the nodule$ s^^e.more or less contaminated 
with quartz and mica, while, in one specimen, there weltefiortions of quartz 
that had much the appearance of yeii^ 


Altnost 
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Almost all the nodules have more or less of the metallic lustre 
on the outside, owing to the degree of friction they have undergone. 
But the fracture surface is always dull ; the composition being, appa- 
rently, fine earthy. On being rubbed or cut, it recovers its polish. That 
the absence of lustre on the fracture is dependentinri its state of aggrega- 
tion or composition, as mineralogists call it, seems further probable from 
its extreme porousness. One specimen, by some trials, appeared to absorb 
one-fourth of its bulk of water. 

The specific gravity of those specimens apparently most free from 
foreign contamination, varied from S'f 1 to 2'26. There is little doubt 
that, in the case of a mineral like graphite, the specific gravity is a valid 
test of its purity. It is interesting, then, to compare these values with 
that generally assigned by the best authorities. Amongst the older 
writers, there is such a range of results as warrant their rejection altoge- 
ther. Professor Mohs, one of our best modern authorities, assigns 1 '8 to 
2’ 1 as the limits — Had y 2*080, as an actual determination. Schbaher again, 
who undertook a particular examination of the graphites from different 
countries, states the specific gravity of EnglisJi specimens, remarkably 
pure, and one of them from Borrodale, at 2*32 to 2*46. However this may 
be, the mountain graphite is, certainly, of inferior quality — although 1 
have succeeded in manufacturing a very tolerable pencil from it, and even 
in cutting out a small cylinder, such as is used , in the patent pencil cases. 
It is also to be noted, that tlie graphite in England undergoes the prepa- 
ratory operation of being boiled'in oil. It is possible that such a process 
may considerably improve the qhality of the mineral. 

The uses of graphite are lipt confined to the construction of pencils, 
and there is» a demao^ for very inferior qualities of the article. Advert- 
ing to the incti^sihg employment of steam engines, it may be safely said 
> that 
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that a sufficient quantity of even the quality yet found, would not he with- 
out its value. It well known to be the very best anti-attrition ap- 
plication for metallic surfaces, when mixed with tallow, or other greasy 
substances. A mixture of this kind is useful, too, as a preservative from 
rust for articles of cast iron, and it is equally found to improve their ap- 
pearance. 

■ 6. — Gypsum- 

Of the more bulky articles, Gypsum, of the discovery and geological 
relations of which an account is given in another part of this volume, is 
doubtless the most valuable. Its Pure white color and granular composi- 
tion, fit it for works of ornament. It is, however, probable, that its chief 
use in this country, for some time, would be as convertible into Plaster 
of Paris, and affording a material for cornices and ornamental work, to 
the banishment of the very rude productions of this kind wc have 
hitherto put up with. There is, perhaps, sufficient quantity of it to an- 
swer any demand, likely immediately to arise. When the Government 
House was last repaired, it was considered desirable to obtain a suflicicn- 
cy for the purpose above indicated ; but the fact of its occurrence within 
our mountain provinces was not known at that time. As it is within fifty 
or sixty miles of water-carriage, it might be expected to pay for its 
transport. 

7. — Limestone. 

Marblo. is the rock next in value. Although it is not found of 
very brilliant colours, yet it is not deficient ii^beaiity, and might, I 
think, be found to defray the expenccs of working. It is indubitably 
superior to the very coarse marbles of the western provinces. A white 
dolomite, of a fine grain, approaching ,, to compact,^, is found in many»» 
places. A variety, exactly answering to . th^ description of the Iona 

marble, 
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marble, occurs at no great distance from the plains, and would certainly 
be admired. Another, at no great distance, is a flesh-colored dolomite, 
with purple clouded delineations, which, to judge from hand specimens 
that have been worked and polished, promises well. All the pre^ding 
are fine grained, almost compact. A marble of a more crystalline grain 
is found on the road to Bhadreenalh, above the Mishen Gnnga. This is 
a large mass ; but, perhaps, too far from the plains to be of any value. 
Rolled pieces of crystalline limestone are found in many of the torrents 
within the zone of greatest elevation, proving that beds of this roc]k are, 
or were to be found within that tract. 

8. — Potstone, ( Indurated Pale.) 

This rock may be substituted for many of the purposes of the for- 
mer. It admits of considerable, though not equal polish, and in its great 
sectility, and the consequent facility of shaping it, there is an advantage. 
It may be cut with a kiiife, and by means of chisels, rasps, and files, 
may have any delicacy of ornament impressed on it. It may be turned in 
the lathe, and in this way are formed in Europe vessels, which are used for 
preparing food, having the advantage of standing the most intense heat : as 
a material for small furnaces and crucibles, it is valuable on this account. 
In ornamental work, its inferiority of polish and peculiar oily lustre, 
prevent its emulating marble — yet it is not without its beauty and its 
correlative gem — the ch^^solite, which has something of the same pecu- 
liarity of appearance, is highly valued. So well are the uis^ of this 
stone understood in Europe, that at Chiavenna in Italy, it is said, a ve- 
ry considerable trade is carried on in articles manufactured from it, 
amounting to forty thousand piastres yearly. In Ireland, where, as in 
these mountains, it has been found in a primary formation, containing 
also copper, it forms a profitable article to the proprietors of the^, mines. 

* Serpentine, 
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Serpentine, a mineral nearly allied to potstonc, has not yet been 
fouinl. except as an ingredient in other rocks. On the other side of the 
KtUi river, (the boundary of the British authority,) it is found in suf- 
licienl^quantity. The natives apply it to the same uses as we do, i. e. or- 
naments, and small utensjls of various descriptions. I have seen a very 
beautiful specimen — the handle of a small knife in a Khiikcri, sent 
as a present. 1 have myself two large specimens of a very good quality, 
obtained through the kind assistance of Mr. Traill, the Civil Com- 
missioner. 


9. — Granite. 

By a certain latitude of expression^ granite, though not exactly a 
mineral, may be ranked under the head of mineral productions. There 
is a very beautiful porphyritic grey granite close to the cantonment of 
Almorah, which would furnish fine ornamental pillars, or slabs of any size, 

and to any extent. Under this head also may be noticed, a variety of 

# 

toadstone, which has been found in fragments, and the original mass of 
which is doubtless to be detected. It has a greenish grey basis, with 
white crystals interspersed, and when polished, has rather a beautiful 
appearance. 


10. — Borax. 

Bora:^ though not occurring within the British tract, yet as forming a 
valuable article of commerce, should not be omitted. The whole supply 
of the European market passes through these mountains. It is found in 
a lake, which would appear from some accounts, to have the power of re- 
producing it. It is sold at the Bageswar Fair, (twenty- three miles from 
Almorah,) in two states, picked and unpicked. The first consists entirely 

of 
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of crystals, varying in length from one, to onc-eigbth of an inch. These 
crystals arc very flat hexagonal prisms, with trihedral summits. They are 
of an oil green color, and nearly, if not quite, opaque. In the other state, 
it contains a good deal of Borax-dust, which consists either of very mi- 
nute crystals, or of fragments, broken oft' the larger crystals, of the sand, 
or earth, forming the substratum of the lake, frorti which it is procured, 
and (not unfrequently) of impurities, with which it is fraudulently adul- 
terated. The picked Borax (or larger crystals,) is, itself, very far from 
being pure, and the method of purifyitig it, is said in England, to be a 
secret confined to a few — 1 could perceive no difficulty, beyond the length 
of time required for the deposition of the peculiar matter by which it is 
contaminated. 1 have found Borax of one solution, perfectly equal to 
the purposes of the arts. When pure, it is quite transparent, and nearly 
colorless. It is an article of such great utility, (for its actual uses arc 
limited by the high price it bears) that it appears desirable the purifica- 
tion might be performed on the spot instead of transporting it to such 
a distance in its impure state, thereby enhancing the price. Indeed, ow- 
ing to the high duty, which amounts to a prohibition, the price of Borax, 
in the Culcuda market, whether raw or purified, is the same, viz. four- 
teen to seventeen rupees a maund. At Hagcstvar it is five rupees. 

The preceding details are sufficiently meagre, but this must neces- 
sarily be the case as none of the substances found in our own provinces, 
have yet been sought for as articles of commerce : so that, except the 
niAe fact of their occurrence, there is little to communicate, lii the fol- 
lowing Section, which includes an account of the mines worked, I shall 
be more full ; though 1 fear there may still remain many deficiencies, and 
many particulars of interest to be supplied. 


11.- M 
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II. — Metallic Productions. 

Tlic metallic productions of the mountain provinces, though hitherto 
inconsiderable, as far at least as regards the quantity of metal raised, 
might, it is probable, under judicious management, become profitable 
enough to repay any attention bestowed upon them. No mine of the 
precious metals has yet, it is true, been found within the limits of the 
British authority, although the discovery of such beyond the frontiers is 
said to be far from rare. There are, however, circumstances Mdiich seem 
to indicate the existence of gold within the limits of the British tract. 
Several of the mountain rivers which have their sources within thi.s tract 
are known to furnish gold; and, though the produce at any particular spot 
be scanty, yet when wc consider the w'hole extent of surface from which 
the metal is obtainable, the quantity is far from inconsiderable. At all 
events, the fact furnishes proof of the actual occurrence of gold in some 
part of the strata which these rivers traverse. In the case of the llton- 
ganqd, the supply is traced to a tributary stream, called the Bhii Cmigd, 
which has its rise in the lower mountains, as it is only below' the conflu- 
ence of the two that the sands are found productive. In that ol the 
JVrw/i, it is still more limited, as that stream has a very short course, 
wholly within the Pall'i Dun. And with regard to the Alakanandd, I 
may mention that I have a specimen of granite, I obtained at Kedarndlh, 
one of the sources of that river, in which occurs a speck of native gold, 
(’onsidering, indeed, all the circumstances of the case, it is, I think, far 
from improbable, that gold will yet be found in its native matrix witlfin 
our mountains.*' Of 

* Such a discovery is, however, more likely to be the effect of accident at some distant period, 
when the progress of population and improvement together shall have left scarcely a spot unexplored. 
Tliat a systematic search holds out few hopes will be evident from considering the history of gold 
mines all over the world. How fruitless the most prudently conducted examination of a tract po- 
sitively known to contain gold, and in some quantity, may turn out, is to be seen in the detail of 
the proceedings adopted in Ireland, to trace the gold found in diluvial gravel in the County Wick- 
low, to its parent source. The reason of this, as well as of the inferior productiveness in general 
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Of copper, lead, and iron, the metals next in value, there is no defi- 
ciency ; or I should rather say, there ought not to be any ; for the actual 
produce in any of these metals, is trifling in quantity, and inferior in qua- 
lity. There are many considerations which combine to prove that the 
mountain tract, extending from the SeUej to the lirnhmniiixtra, is rich in 
copper. Witli regard to iron, it may be said to constitute a considerable 
part of the country ; either as a constituent of rocks, in the form of ironstone, 
or in the numerous and extensive beds of the better defined ores. Lead 
also is found in abundance ; and is worked a's well as the two preceding in 
many places, and with <*ousiderahle profit. With regard to the other me- 
tals, little is known. Antimony is found, combined with lead and sul- 
phur; but the ore isaiot worked. Manganese has been detected as enter- 
ing, in small quantity, into the composition of one 6f the iron ores. Perhaps, 
were its characters and value known to the miners, it might be discovered. 
Ar.seni<'., in the state of sulphuret, is imported from beyond the frontier ; 
but J have not heard that it has been found within our provinces. Of the 
rarer and less extensively useful metals, it is impossible to pronounce witJi 
cei’tainty. There is, of course, a probability, lhat some of them wdiich may 
be said to be geologically connected wil^the existing formations, will bo 
found. Nor docs their non-occurrence hitnerto, militate against that proba- 
bility; when it is considered, that their properties and value arc alike un- 
known amongst those with whom the task of discovery has hithi^to rested. 

The metals which yield revenue; are copper, leau.- and iROJij. The 
ciotn obtained from the sand of rivers ; paid during the Gorhl^m^le, a 

small 


of mines af, the precious metals, may be found in their comparatively small produce, thereby occa- 
sioning an expeneo in searching for or raising them,, which, in most cases, more than balances their 
superiority of value. It is the accidental discovery where no c.xpence has been incurred, or the 
falling on a rich vein in a mine already worked which constitutes the prizes in this lottery. For one 
who makes his ibrtune, hundreds lose. 
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small tin ty; but the amount was too trifling to render its continuance ex- 
pedient, and it was accordingly abolished by the Commissioner. I think, 
however, the amount of metal obtained from this source, might be increas- 
ed by attempting the operation on a larger scale. Hitherto the work of an 
unassisted individual ; who has neither means or inclination to do more, 
than will earn his daily pittance ; and who compelled to execute every 
part of the process himself, necessarily loses time, and does nothing well ; 
it is not to be wondered that the produce has been trifling. Mercury is used 
for the final separation of the gold ; but it is driven off again in an open 
vessel, and consequently lost. On the small scale on which they work, this 
is not felt to be a loss. The common account is, that a man’s daily labor will 
earn him two annas : but this estimate is certainly much under the truth. 

The method followed is abundantly obvious. The gravel in which 
the gold-dust is always found ; and which in some rivers is the superficial 
deposit, in others, lies under a bed of sand ; is collected in heaps, and wash- 
ed on a stage, or imperfect ruldle, made of bamboos. The pebbles of any 
size are retained by this, and then rejected ; while the sand w hich passes 
through the interstices, is careful^ preserved. When a sufficient quantity 

I,- 

is collected, it is put into a wooden trough, of about three, to five, feet in 
length, and a foot broad: being filled with water, the whole is agitated by 
the hand, and such a degree of inclination skilfully given, as shall carry 
off all the lighter particles ; leaving a heavy black sand, behind. It is in 
this sand, that the particles of gold are found. It is triturated with quick- 
silv^rjNHfich takes up the gold ; and the amalgam being separated from 
the still remaining impurities, is set over a fire to evaporate the mercury : 
the gold remaining behind, in the vessel. 

• 

Of the mines, at present, worked in these mountains ; those which 
yield coppEB, are undoubtedly the most important. With regard to the 


IRON 
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IRON mines, although they do not hold out an equal prospect of immediate 
advantage ; yet there is little doubt, but that the revenue derivable from 
them also, might be mucli augmented ; and, with very little luodilication of 
the present processes, liiventually, they may be found the most valuable 
of all ; but this must be the result of » state of things, not in existence at 
present. The lead mines are next in importance ; and judging from their 
former value, (which was greater than the total amount of all the mines of 
whatever metal at the present day ;) they would seem to be, even not much 
less worthy of attention. 


'{.'—The Copper Mims. 


There are seven copper mines ; or t should say, seven places where 
copper ores arc extracted ; for at some of them, the mines or excavations, 
are very numerous. These seven localities, with the rent they pay, are 
as follows: 


Dhanphr,*. . 

Dhobri, 

Gangoli, 

S r 

ifdfy « ■ 

Pdkri, 

Khari, 

Shdr Gurang, 


^1200 Rupees per annum. 


j-1000 

600 

40 

50 


None of these are very advantageously situated, considering the expence 
of carriage in the mountains. But as buffaloest may be extensively 

employed 


♦ The localities of these mines, and of the oUier minerals, will be indicated in the Geological 
jMap, which I hope soon to lay before the Society. 

\ An average Buffaloe will carry two maunds, with great ease, up the steepest ascents. 
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employed on ffood roads ; and the breed appears to thrive in these provinces ; 
it seems easy to obviate any objection, arisin^tVorn the present difficulties 
of transport. 

Of the probable value of tltese mines, it is difficidt to form any thin" 
like a eornM-.t idea; owin" to the miserably contracted scale on wliieh 
•they have been, hitherto, worked. The chief thing of course to he consi- 
dered is. the productiveness of the several veins or beds of ore; for sup- 
posing the quality of the metal sufficiently improved, there is little ff'ar 
of a market being wanting.'*' It is not, however, easy, to obtain precise 
information on this subject: for the mines themselves are inaccessible to a 
European; or indeed to any, hut people who, from their cliildhood, are 
accustomed to penetrate them. They resemble, as Mr. Tumi.l lias ob- 
served; rather the burrow of an animal, than the path of a human being. 
Eor this reason, it is imj)ossibie to speak, from actual ohservation, as to 
the productiveness of any particular repository of ore; and all we can <lo 
is, to form probable guesses. In Chili, it would appear, that the average 
produce of about 500 mines, is si.x tons each annually. I'rom considering the 
rent of our KemAun mines; and tlie price of copper (two rn])ees a seer;) 
allowing also, that the produce is double the rent; w^shall have only one 
ton, for the amount yielded by the Dhatipitr mine: and half a tpn each, 
for those of (Jangi'di, Sira, and PAkri The others, are too small to be 
worth considering. Supposing then that these four mines, have naturally 
an equal average of ore, with those of South America ; we see that there 
is great room for improvement, and a fair prospect of advantage. On the 
average of six tons for each of these four mines ; KemAun would yield 

twenty-four 

* It appears by Captain Hall’s work on South America, that notwithstanding the quantity oC 
Copper thrown into the market by the Hon'hle Company ; the greater part of the produce of the 
mines of Chili, (3000 tons annually) finds its way to the Calcutta market. 
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twenty-rour tons annu!illy, instead of two and half as at present : and the 
revenue ought to encrease in the same proportion ; that is, from 2700 , to 
27000 annually. 15ut this is not all. There is little doubt of the existence 
of the ore in many other places : and were an improved system to l)e intro- 
duced, and the value of tlie metal consequently to rise in the market ; a sti- 
mulus to investigation would be given, \\ hieh might reasonably bo expect- 
ed to lead to tin; discovery of other sources of the ore, at present unknown.* 

The jirincipnl mine, in point of value, TJliaitpur, owes its rank in the 
scfde, not only to the great value of the ore yielded ^ l)ut also to the nature 
of the rock in which it is situated. This rock, a red dolomite, is of such 
consistence, as to require seldom, if ever, any props for the siqiport of the 
roof; and scarcely any additional expence, after the gallery or chamber 
IS oiK'c e.vcavattjd. Whereas, in the others, the rock is often so tender as 
to require timbers for its .support; and even so supported, it fails every 
year in the rainy season; when a new e.xjience is to be a'jain incurred, 
M'itliout the prospect of any immediate advantage. This, is more ])'ir- 
licularly the case, with the Polcri mines. In the mine, the 

work once ellbcted, there is no occasion to repeat it ; and every fool of ex- 
cavation made good^s a permanent acipiisition. An equally important 
advantage is, the continuance of the working season all the year round. 

The compact structure of the rock, or jierhaps the great elevation 
of the mine, and its proximity to the summit of the mountain ; gives it 

another 


‘ I am tokl tliat the mine at Pokri, called the Raj KJit'ui, yielded one year 50,000 Rupees : 
and at Dliaiiptir, it is known that in consequence of an earthquake which shook the mine and laid 
open new veins of ore ; the profits of the lessee were, that year, very considerable. Every one who 
travels in the mountains, must be struck with the numerous indications which present them.selves of 
the existence of this metah^ While writing this paper, anew vein of ore has been discovered, and 
leave asked to work it. 
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another superiority which is no inconsiderable t)ne : a freedom from wa- 
ter, and consequently, from the expeuce and (rouble of drainage. One of 
the eftects of this advantage is, that (he miners have been enabled lo fol- 
low the deposit of the ore, in all its rainilications and changes of direction : 
and the interior of this mine, presents quite a «lirierent appearance from 
that of others ; ])eing a succession of chambers, situated at various levels, 
and in various directions. 

The ore Is of that kind called ouev copper ; (the Fa/t/crz of the Ger- 
mans.) Many species, chemically speaking, perfectly distinct, have been 
confounded under this name. Four at least are certain —one of whicJi con- 
tains iron as avcU as copper ; two, iron and arsenic, but in diH'creut propor- 
tions; and the fourth, iron and antimony. They arc all sul}>hurets, and 
the yield of copper is from thirty to titty per < cnt ; that is of the ])urc mi- 
neral : for no working ore, can ever be e.xpectcd to give tliat ])ro))or(i()n. 
The Dhanpiir ore, is the most vahr.ible of the four ; and contains fifty per 
cent, of copper; besides iron, and sulphur. It is always amorphous, either 
ma.ssivc or disseminated. Green carbonate is sometimes found, hut in 
no quantity. 

The Phkri mine, or mines, are situated in a talcjosc schist : which 
on one side, passes into a tulcose gneiss; and on tlic other, into achloiiii(, 
schist. All these rocks are so soft, and even rotten; as to have render- 
ed vain every precaution of the miner: and the galleries excavated, have 
been constantly subject to accidents. When I visited the place; they 
had all fallen in : and, there was no lessee. I Avas unable, therefore, 
to procure proper specimens: and can only judge from the imperfect 
indications observed, in examining the rubbish of the mine. These seem- 
ed to point to, VITREOUS, and, purple copper; tlie two most valuable 
of the sulphurets : the former, yielding eighty per .cent, metal. Tlie 

waters 
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waters froiri this mine were observed to be impregnated with suLPHATKoi’ 
(OPPEK- 

* Tlic and mines, are situated in beds of indurated talc, or 

])otstone; which arc again, enclosed in dolomite. Occasionally the former, 
occasionally the latter rock, forms the roof, and sides, of the mine. The 
dolomite, has a large crystaline grain ; and great tenacity; and forms a per- 
fectly durable work, when excavated. It is not so, however, with the other; 
at least, not always. When massive, it is, 1 believe, to be depended on: 
and it has then, a great recommendation in its extreme scctility; and the 
ease with Avhich it is worked. Hut it occurs, sometimes, of such inferior 
consistence; having much the appearance of re-united debris; as to require 
support : and to occasion much incouvcuience, and even, danger. 

The ore. at each of ti’iese places, is copper pyrites. I have never seen 
any crystallised specimens. It i.s accompanied by iron i»vrites: which 
is occasionally found in the pentagonal dodecahedron ; but most common ly, 
in such irrcgidar and anomalous forms, at; arcAvith difficulty, de.scril>ablc.^ 
1 have observed specimens also of Grcv Copper : hut in small quantity. 
The working ore is,, jio doubt, copper pyrites ; and the quantity of copper 
it contains, may be taken at thirty-five percent. This is, of course, to be 
iinderslood, as before remarked, of the pure mineral : uncontaminated 
by tlie matrix. 

The Khari, and Siidu Gurang mines, are similarly situated — the ore 
produced, is in so small a tpiantity, as not to rccpiire any lengthened notice. 
I have observed grey copper, copper pyrites, and carronate of cop- 
per : chiefly, if not always, disseminated. An important advantage, which all 

the 


* Possibly composite forms. 
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the mountain ores, I have yet seen, possess ; is a lV«’e<loin from any mixture 
or voinhination of arsenic : a metal whic h, ahovv' all others, delciioratcs 
(lie ipiality of the copper; and is most difficull to remove. 

« 

The method of working these mines, is, witli the cx,eeption of that at 
Dlinnpur, (which has already been described) as follows. A gallery, or 
passage, is cut into the face of the hill ; with such .slight declivity outwards, 
us is sufficient to carry off the water. Where the rock may happen to 
reipiirc it ; frames of timber, rudely, and even eareles.sly constructed, are set 
up; to sujiport the roof and sides; and save the miner, from being crushed. 
Accidents, however, do happen: andmen are, sometimes, lost. Thesize, or 
section of the gallery, is always small : in those parts, where the hardness 
of the rock, occasions any dilficulty in working it ; scarcely sufficient to 
admit a person, in a creeping posture. In no place, will it admit of an 
erect position. 

The ore, as well as the rock, is detached by means of a very inefficient 
pick : and by chisels, or cutters; and hammers. — It is removed from the 
mine ; on skins, drawn along the floor of the gallery, by boy-?. In some 
mines, great part of this work must be jierformed in a creejiing posture. 
The ore being delivered at the mouth of the mine ; is reduced to small 
fragments, by the hand. At Dhunpur, however, this work is done by the 
pauckalcki, or water mill. It is next roasLul in an open fire, or forge 
hearth ; the fuel being charcoal; and the heat occasionally urged by two 
air bags or skins, which are alternately shut and opened by the hand. 
After being thus imperfectly roasted, it is smelted : but for this important 
operation, the same forge hearth is made to serve ; and the process is re- 
peated, till the metal is sufficiently refined. I do not know of any flux be- 
ing used; to accelerate the scorification, and separation, df the less valiia- 
able metals. 


TJic 
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The whole system, thus briefly described ; is evidently, extremely rude, 
and inefficient. Worse methods, I do not think, could well be devised. 
They are, however, the natural result of the contracted views and want of 
enterprise, of the native charai-.ter. It would, probably, be difficult to con- 
vince them ; that any system of working, requiring an increase of outlay ; 
could possibly be e(pially advantageous. It is hardly to be expected, 
therefore, that they will ever adopt any improvements of this kind ; until 
at least, they can have the proof of direct experience ; in favor of the greater 
profit, they may bring. Any important amelioration of the system, must 
then proceed either from the (iovernmeut, or from some fluropean capi- 
talist: and when the advantage of the new methods shall be clearly seen in 
an increased produce, and improved quality of metal; it is possible that 
then, but not till then, the mountaineer also, may begin to adopt them. 

Ill liingland, the coppei mines present a scene, perhaps, the first in 
the world, (exci'pL in the coaUmiues of the same country) for commercial 
enterprise, scientific combination and mechanical skill. Such a system has 
been the growth of circumstances; and is only fitted to those circumstances, 
and to that country, in which it orginated. To attempt working these 
mines, on any thing like a similar scale; would be absurd: at least, before 
the productiveness of the several rcjiositories of the ore, bo clearly as- 
certained; and facilities of transport created, which do not at present 
exist. But, there are many modifications and improvements, which seem 
perfectly fitted to the state of things in the mountains ; and which Avould 
involve little additional cxpence to the present outlay. In fact, there 
seems a wide interval, between the ('hilian and English systems ; while the 
modifications here conteiiqilated, would probably, stop short of, even, the 
former. Supposing the expediency of such improvements, or a part of them 
generally admUted; they must, I think, to have justice done them, be in- 
troduced under the orders of government, in some mine, the lease of which 

3 Cl may 
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may be retained for the necessary period. They would, at least, have 
the good effect of enabling us to obtain better data; for judging, wliether 
or not, any farther improvements and extension of the system, would be 
advisable. In the former case, experienced and practical people might 
be invited from England ; for the purpose of improving the various opera- 
tions of mining, roasting, smelting, refinmg the ore, &c. 

The improvements which appear to me suited to the actual condition of 
things arc as follows. The present narrow and inaccessible galleries should 
beenlarged; so as to admit, not only of an erect position, but of a man's 
working with effect, in them. This, of course, only applies to such as fur- 
nish a sufficient supply of ore; or to new galleries just commenced. Vertical 
shafts should be sunk when advisable, so as to admit of the ore being fol- 
lowed with effect. In many cases, however, this would be perfectly im- 
possible; from the nature of the mountain, in which the mine is situated. 
Strong and effective timbers should be put up, for the support of the rock, 
when at all likely to fail ; and to effect all these purposes, proper tools, made 
of good iron; and not the inferior kind, at present used; should be provid- 
ed. The method of splitting rocks, by the wedge; and by blasting; might 
be introduced with advantage: and generally, such other practical improve- 
ments, as, though readily suggesting themselves on the spot, are not easy 
to be enumerated connectedly. 

With regard to the drainage; the present system is, perhaps, the 
cheapest that could be devised, as far as it goes : but it is only calculated 
to meet, one, of many numerous cases occurring in practice. Should 
the ore be situated below the level of the mouth of the mine ; some 
method is then recpiired to raise the water, which will flow into the 
new excavation, to that level, at which it may flow ou*. At present, 
I am inclined to think, that mucli valuable ore is lost ; owing to the 

difficulties 
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difficulties which present themselves, when the bed or vein sinks to an 
inferior level. And it is certainly, to the absence of water, in the Dhan- 
pur mine ; and the consequent facility of following the ore, in all its de- 
viations; that its higher value in the scale, is mainly owing. Simple 
methods of raising water, might then, I think, be advantageously employ- 
ed : such as the endless chain of water pots, used in the upper provinces ; 
or a pump, or set of pumps, to be worked by manual labor. In raising 
water or any weight ; where great power is required ; one of the most use- 
ful mechanical inventions, is the double capstan : a contrivance, which is 
at once, eminently cheap, simple, and efficacious. In many cases, where 
the deposit of ore has a downward direction ; a second gallery, at a lower 
level, may be conveniently established : probably, in most cases, this method 
of double galleries might be advantageous. A great progress must be 
made in the system here contemplated ; before a Steam Engine, even of 
small power, could be introduced M'ith any thing like a prospect of 
profit. 

1 have mentioned the principal points of improvement in working the 
ore. In delivering it from the mine ; wheel barrows ; or still better, sledges 
on four wheels, should be adopted ; instead of the skins at present used. 
It seems, however, doubtful, whether the introduction of goats, to draw 
such sledges, would be any improvement. They are used extensively in 
the upper mountains, for carrying burthens. 

In reducing the ore to fragments ; the Dhanpur miners employ the 
Pancha/dy or water mill. When u ater is present, no better plan (I mean 
consistent with the economy here contemplated,) can be devised ; when 
water is not to be had, in sufficient abundance ; a simple arrangement of 
stampers, might be preferable to the method of doing it, by the 
hammer. 

It 
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It is, liowcver, in the roasting, and smelting operation, that the great- 
est room for improvement is to be found; and the greatest prospect of 
advantage from a change; as the immediate effect of this would be, to raise 
the value of the metal produced. For the present open hearths, and air 
bags; 1 would substitute a system of reverberatory furnaces ; of different 
draughts, for the two different processes, of roasting and smelting. An 
excellent material for constructing tliem is at hand, in the rock, I have cal- 
led potstonc. J^erfectly compact, and equal to any resistance ; infusible 
in the strongest heat ; while it is so soft as to be cut with a knife ; it is 
difficult, even to imagine, any substance l)etter fitted for such work. It 
might be advisable, in an economical point of view, to construct the roast- 
ing furnaces in such a manner, as to collect the sulphur at present lost ; 
an object not difficult to be eft'ected. 

Eventheintroduclionof thcsimple blastfurnance used in Chili, (and no- 
thing can be simph r; woiddbe an immense improvement. J t is of a circular 
shape; similar to a lime kiln ; and covered with a dome, to coniine and con- 
centrate the heat. The ore is arranged in it, in ullcruate la\ tas with the fuel, 
which is wood; and being lighted, it continues burning for a coiioidcrablo 
time. When required; the heat is urged by a double pair of bellows, work- 
ed by a crank, turned by a water mill. The mei'e substitution of an efficient 
bellows, for the air bag.s, used at present, would be no trilling advantage 
gained; but 1 am of opinion, that a wind furnace is greatly preferable to 
all these half measures, in the saving of manual labor. Nor is it so much 
more expensive, even at the outset, as might be imagined. 

T'he methods of reduction practised in England ; where, certainly, the 
subject is best understood; vary with the ore, and even with the establish- 
ment: but the differences are trifling, and affect only the minor details. The 
two great objects to be effected, arc — first, by a properly regulated heat to 

drive 
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driveolfthe volatile ingredients, sulphur, and arsenic; and to oxidate the 
iron, thereby promoting tlie fusibility of the ore, and consequent separa- 
tion ot ibe copper from the scoria when in fusion : and, secondly, by an 
intense and ])roperly directed fusing heat, to effect the vitrification of the 
impuritie.s ; whicli thus form a slag at the top, and are skimmeil off’, while 
the metal sinks down in a comparatively pure state. To promote this 
vitrification of the ingredients, occasional additions are made to the ore, as 
the case may seem to require ; though, in general, the run of the ores is 
such, as to require little beyond a few slags of an old .smelting. Calcareous 
flux has been used at some works ; and this is at hand in the mountains. 
A mo.st valuable and effective flux, for the reduction of ores, in the small 
M’ay, (for experiment) is borax. Whether it might not be used on the large 
scale, here, where it is so much cheaper than in Europe ; may require 
some consideration, and some practical trials. 

'The operations of rousting and smelting are repeated several times 

each smelting being followed by a roasting -to expedite wliich eff’ect ; the 
copper is afler each .smelting, but the last, let into water to be granulated. 
Thi.s separation of the metal into such small parts, assists of course, the 
calcining power of the furnace, and the wmrk is more speedily effected than 
if performed on the mass. After the last smelting comes the process of re- 
fining, or poling, as it is technically called. It consists in keeping the copper 
in a melted state, covered with charcoal ; and introdneing from time to time 
a wooden pole into the melted metal; which causes cousiderablc ebullition, 
owing to the evolution of gaseous matter. It is occasionally assayed, in 
order to judge liou^ the process is going on ; by taking out a small portion, 
allowing it to cool, and breaking it in the vice. By the colour and general 
appearance of the fractured surface; a judgment is formed, as to wdiether 
the poling has proceeded far enough. This operation which gives the 
metal that perfect appearance, always looked for in the market ; is 

3 R unknown 
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unknown to the mountaineer. It is probable, that it would materially 
improve the quality ; or at least, the appearance of the article. 

Lead is sometimes used, both in Hungary, and Hngland, to expedite 
the previous operations of the refinery. The oxides of this metal, arc 
amongst the most powerful vitrifiers known: as such they are effectual in 
the assay and refinement of the precious metals; and as such they may be 
used also with copper: but the process requires attention, as if not stopped 
in time, or too much lead added ; the copper itself M'ill be oxidated and vi- 
trified. Applied M’ith proper caution, it would, no doubt, be a most useful 
material to the mountaineer; and the occurrence of this metal, in the 
vicinity of the copper mines, obviates every objection on the score of 
expencc. 

On the supposition of Government establishing an experimental 
mine; 1 would propose that all the different processes of mining, extract- 
ing the ore. removing it, for i)Oun(ling, roasting, smelting, refining, &c. 
should be performed by the job, and not by the day. This, which is one 
of the most important improvements in modern management, is particu- 
larly necessary on a new experiment ; because it makes it the interest of 
the people employed, to co-operate with, instead of endeavouring to thwart 
us : the implements, tool.s apparatus, furnaces. See. to be all furnished at 
the expencc of Government; and a given talc established for the difterent 
kinds of rock and ore, both for removal from the mine, and for the cal- 
ciuiiig and smelting of the latter. 


2. — 'jr/ie Iron Mines. 


The foregoing includes all that immediately suggests itself, as feasi- 
ble improvement in the management of the copper mines : I have pro- 
posed, 
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posed, T thirtk, no charp^e that would not, in a very short time, more than 
repay the cxpence incurred. With regard to the iron mines, I shall also 
mention a few particulars ; which, if attended to, would materially increase 
the revenue derivable from them also. [ anx^pformed by the Commissioner* 
that the united rent of these mines, which are very numerous, does not 
exceed the sum of 1 *500 Rupees per annum ; white the iron is of the very 
worst quality, and yet bears a price, in the Almora* Bazar, not much less 
than that of the best English iron, deliverable at Bareilly. 

The process of manufacturing iron from its ores, is so far diflferent 
from that of copper ; in as much as, none but the oxides of the former me- 
tal are ever employed. In the copper ores (that is, in those.’* which occur 
in any quantity;) tlie metal is combined with sulphur : which can be only 
driven oft'by repeated roastings ; employing such a draught of air as to 
acidify it, the moreeflectually to separate it, in the latter stages. In the iron 
ores; the. metal is united to oxygen; and mixed with various earthy impu- 
rities. In reducing these ores then, there are three distinct points to be 
attended to — First, the provision of a substance, which shall ctfectually 
take the oxygen from the oi-e ; leaving the metal mixed, only with its 
ferthy constituents : ‘indly. The proportioning the flux used, to those 
earthy ingredients; so as to ensure a complete vitrification of them, and 
separation from; the metallic particles: and .“Idly, A suliicient heat, to 
fuse the latter ; that the separation, and reduction, may be more complete. 
The first point is attained, by uslng:,a suflicient quantity of charcoal, ijin 
the reduction of the ores ; the second, by adding, as the ore may require 
it, limestone or other flux ; and the third point is only to be effected, by 

using 

* Almorah, 8 scers, 1 Rupee— Gwalior iron, good, soft, 6 seers— at Mon^dabad, lull iron ditto 
but hard, good for yb«ras — Swedish stud, 2 seers— English cast, 2J— English iron, bar, 4— in flat 
bars, 
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using a powerful Mast furnace. Though it be, no doubt, possible to con- 
struct wind furnaces, of such draught as should smelt iron ; still it is, [be- 
lieve, more economical, as well as more certain, to trust only to a poweiful 
«blast. 

The mountaineer r^Nduces his iron ores in the manner already des- 
cribed for the copper ores. • But from the imperfection of the method, the 
great waste of heat and noh-employment of a proper flux in refractory 
ores, the iron Is never smelted, but comes out of the furnace in porous 
knoba very mucMthe size and shape of the original pieces of ore. These 
might, however, with proper management, be manufactured into a saleable 
iron; but the miner is contented with selling them in this state to the 
hlaeksmiths wdio, againf arc very sparing in labor when shaping them into 
the pigs in which they are finally sold in the bazar. 

In as far as such a lazy process may be compared with one which 

% 

furnished metal of the very best qualify, we may say the mode practised 
in the mountains is similar in its general features to the ancient methods 
which prevailed in Europe. These have, however, long been supcr:^edcd 
by more economical processes, each of which is Adapted to the particuldl^ 
kind of fuel and ore of the country in which it is employed. The English 
method, which employs coal as the fuel, does not require to be considered 
here; but the Swedish, in which Mvarcoafis the fuel used, appears from this 
circumstance, from the simplicity of t||yi appsu^tus and the small outlay of 
capital reqnired, particularly fitted for these provhices, and not unworthy 
of attention rind encouragement from the Government. It is well known 
that the superiority of the Swedish iron over the English, is mainly owing 
to the nature of the fuel used; although it is also true that the Swedish ore 
is chiefly, if not entirely, of the first quality — magnetic iron ore. Tlieform- 
er advantage ought also to hold in the case of the mountain iron ; but hone 

of 
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of the working ores, it must be confessed, that I have yet examined, ex- 
cepting one, is of the same species, as the Swedish. 


Specimens, however, of this ore have l>een found in dirtcrent places ; 
and it is very probable that it does exist in sufficient quantity, to become 
an object of consideration to the Government. The JiuiiddLliaml iron, 
wJiich is said to be one of the best after that from Gwalior, is manufac- 
tured from the red oxide. The Gwalior ore f have never seen; but con- 

* 

elude it to be of tlic magnetic species, from a circumstance 1 recollect 
being mentioned by Captain Ger.vrij, when surveying that country, of an 
uuusiial deviation of the magnetic needle. The mountain iroh would, 
however, if carefully manufactured, have a sufficiently fair market, without 
any chance of being interfered with by either of those other kinds: and 
cA'cn suj)]>osing that the common ores should hold out little inducement to 
<-x[>end much on improvemcnt-s in their reduction; still in the one known 
source of the magnetic ore, there is, apparently, a sufficient supply to 
authorize at least an experiment on a small scale. 

It may, perhaps, be said, that a full improvement of the (pialily of 
this iron, would interfere with the sale of English iron : but it appears to 
me, that it would chielly supply the place of the Swedish in the market ; 
which j.s known to be in great request amongst the natives, under the 
name of “ Erancese Loha.” English iron has not an extensive sale in 
India; even in England it is now w(^ established, that all the best steel 
is manufactured from Swedish iron. English bar iron, however, bears a 
higher price than the Gwalior iron ; though the latter is more extensively 
used amongst the natives. The former is sold at Moradabad, for tf 
.seers the Rupee ; the latter at 0 seers. The mountain iron sells on the spot 
for seers generally, that is about £l4 a ton, which was the highest 
wholesale price to which the English iron attained during the Avar; at 

3 s present 
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sent it is little more than £10. The mountain iron could be afforded at 
a much cheaper rate. 

The chief points, in which improvement is desirable, Avill be evident 
from what 1 have stated (Art. 30). The erection of proper blast furnaces ; 
the judicious employment of fluxes; and a more careful system of manu- 
facture; are all that is required to raise the (pialily of the metal, according 
to the ore used, either to a standard with the I'biglish iron or the Swedish. 
In the erection of blast furnaces, there seems no difficulty in a country 
where water is to be commanded at every turn. Limestone, one of the 
fluxes most used, is a,t hand ; and all that seems reipiircd is a careful 
superintendence, to shew the advantage of the new methods in the lirst 
instance. ’ 

The.se being once established, it appears probable they would be ge- 
nerally adopted, when the object is to furnish so geiKu-ally useful a 
metal in a. purer and more workable state. I have said nothing of the 
process required for bringing the fused metal into a malleable condition, 
as it offers no difficulty. Water may here also be advantageously used as 
the moving power for the great sledge hammers, with which the fused 
metal is to be beaten. 

The iron ores all belong, Avith the exception of those of two mines, to 
the species called red oxidp. (jer ol^istc of Hauy). This is aperoxyde of 
iron; containing, in its best-defined type, seventy per cent, iron, and thirty, 
oxygen. The working ore, hoAvcver, often contains earthy impurities, 
which reduce the proportion as low as fifty jier cent, of metal. — Red ii.em a- 
TiTE, a variety of this species occurs in a very extensive bed in Gneiss at 
Dliauiakot, on the Cosilluh. It frequently contains small veins of mica- 
ceous IRON ore of a highly splendent lustre. At Itamgar, on the road 

from 
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from Tikamdori to Ahndrah, it passes into the variety called scat.y ikon 
ORK, consistinsj^ of loosely cohering glimmering particles of a steel grey or 
iron black color, strongly soiling and feeling unctuous to the touch. These 
beds, though distant many miles, are, I think, connected beneath, and 
from one and the same deposit. — Both of these varieties arc said (o yield 
very good iron; the first, particularly. Comi'act red iron ore, occurs in 
a clay slate containing beds of lime-stone at Katsdri, on the Itdnit'ati^a, 
in masses composed apparently of fragments more or less angular, reunit- 
ed by a stalaginitic incrustation. The iron maniifaclured from it is e.stccm- 
ed the best in the province of Kamdun. It is tlie only ore which has any 
adjunct of calcareous matter; and to this adjustment of the flux by nature, 
is attrilnitable, I think, the superiority of the iron produced. Near K<ihi 
on the ./cm/m, there is afi extensive bed of specular iron ore. The speci- 
mens whitdi 1 have examined were fine granular, approaching to compact. 

In r'//////;g///-/.vi purgunnah, one of the excepted mines, the ore is the 
\ Eti.ow {or hifdrah'd) oxim:. It is of two varieties, the ochry and compact, 
'fhe former sometimes contains octahedral crystals </f magnetic iron ore, and 
in the m'ighbourhood of the mine, on the summit of a small hill, there occur 
rolled pieces, composed of grains of quartz, and small octahedral crystals of 
this mineral, cemented together. These pieces are magnets, and have each 
two poles. The ores of this mine contain manganese in small proportion, 
and would, consequently, atlbrd a very good steel ; as it is to the alloy of 
this metal that the superiority of|^hc steel manufactured from some of 
the brown iron stones, is generally attributed. The other exception is 
the mine at Sil, in Jtisehir, where a mica slate occurs with disseminat- 
ed crystals, or grains of MAtiXETie ikon ore; in such quantity, asin favora- 
rable specimens, to eipial half the weight, or one-third the bulk. Some 
pieces of this slate have a specific gravity of 3,4o. That of the ore itself 
is The stone is reduced to powder by hand mills ; and by mean.s of 
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a runninjT stream, all the impurities are separated. There remains a black 
sand ; w hich however still contains about a filth of its weight of impurities : 
tliis is smelted with charcoal, into a porous mass ; which imperfectly lu at- 
en, is sold to the lower mountaineers at the rate of eight and a half seers 
for the iliipee. The iron is said to be of excellent quality, and is in great 
demand for Khukens. This is the mine at which I think itverydesir- 
rable some improvements should be attempted, as holding out a fairer 
prospect of advantage. There does not appear to be any reason why 
this ore, if carefully reduced, should not furnish an iron fully equal to the 
Swedish. The supply, too, is sufficient to justify the. expectation of a con- 
siderable addition to the revenue. At present, the people state tin? pro- 
duce of manufactured iron as not exceeding three Jjuudred Ilupccs ; but 
from the nourishing and substantial appearance of the village, 1 should 
think it must greatly exceed this sum. 

‘.i.— 'Tlic J^ead Mines. 

The Le.\i> Mim's are numerous, and the supply of ore from some of 
them has been considerable. The most valuable arc situated on the river 
Tonsc, at no great distance from the Dehra Dun. There are three 
places where w'orks, to some extent, have been, and are carried on ; Ah/nr, 
Mah/nr, and Bonin. The first-named place is on the right bank of the 
river below the village of Bliahiui-, and within the limits of Sinnur. The 
other two are on the left bank, and arc in Jaunsdr, one of the mountain 
purgunnahs retained by Clovernment: the superintendence of which, is 
vested in the Officer commanding at Dehra. The Bortla mine formerly 
paid two thousand rupees yearly; the Maiyar one, four thousand: the pre- 
sent rents are six hundred and fifty; and one thousand. The mines were 
always included in the assessment for revenue; ami latterly owing to their 
alleged non-productiveness, the sum assessed has been limited to the 
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mere land tax of the mine at Aiyar. I could not learn any particulars 
regarding the rent, the people being uncommunicative.* 

With regard to the truth of their assertion, that tliese mines have 
ceased to be profitable, it is very difficult to judge. They are still worke<l, 
wliich is a presumption against it, but without a personal examination of 
the several galleries, and they arc exceedingly numerous, it is difficult to 
say positively whether this assertion be correct or otherwise. 1 have 
however little doubt but tliey might be made productive, by a more en- 
larged and perfect system of work ; and 1 found this opinion on the great 
mnnbcr of excavations, clearly proving the original abundance of the ore. 
It is not likely, that the several veins or beds, have been exhausted by a 
system of milling which admits of no ventilation; and has no galleries, ex- 
ceeding probably two hundred yards in length. At all events some trials, 
and a closer examination, would seem to he advisable; particularly when 
it is eoiisidered tliat there has been a falling olf in the revenue, amount- 
ing to ujiwartls of four thousand rupees yearly. To i‘tfer the mines to the 
highesl bidder, would not be, liki !y to elicit any light on the subject. It 
is not [irobable that any mountaineer could be got to undertake the 
work in opposition to those residing on the spot,t and having the advan- 
tage of experience. 

The mine at Jihalmtr is situated in clay slate. The rock where 
the mine penetrates is so tender and fragmentary, as when removed 
from the mine to have all the appearance of angular debris. Owing to 
this circumstance, the roof of the mine, as well as the sides, have occasion 

to 


* Tlic village belongs to the Rajah of Sirmur, 

j On account of the difficulties a stranger (if a native) would have to contend with ; there 
would bc; most probably, an organised opposition of the whole neighbourhood, to thwart him. 
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to be strengthened by timbers. Notwithstanding which, they sometimes 
fall in, and the miners arc killed. 

The ore is found, as I said, occasionally in quartz veins in the clay 
slate ; occasionally in the slate itself. The ore at Maiyar also occurs in 
a clay slate ; that at Borcla, in a bed of lime-stone, situated in the clay 
slate. At each of these places the rock is sufficiently firm to aflbrd the 
greatest security, and no propping or timbers are required ; but the 
labor of c.vcavatiou is greater. At JUiatmr, owing to the softness of 
the ground, the galleries are roomy ; and will allow of an upright posi- 
tion : at the other places, they arc similar to the copper mines ; low, 
narrow, and tortuous. The supply of ore has evidently been consider- 
able, for the number of these galleries is quite surprising : at lionla, 1 
was told they exceeded eighty; and 1 see no reason to think that the 
statement is toe high. 

At all three places the ore is the same, a steel grey fint, granular 
GAL.F.NA, having a specific gravity of 7,2 ; at Mmvar it is accompanied by 
IRON PYRITES, and in one gallery by sulphur. The mode of reducing these 
ores, is precisely the same as that already described for the copper ores ; 
the sulphur being allowed to go to waste. Similar improvements sug- 
gest themselves as advisable ; though as the metal is so much cheaper, 
and the process of reduction so much more facile, they do not appear to 
be so imperiously called for, as an amelioration of the system of working 
the copper. A singular fact is, that the ore and reduced metal sell, by- 
weight, for the same price at Kdlsi, the nearest town. I could not learn 
the reason of this ; but suppose that the produce of sulphur, pays the 
expence of reducing the ore. 
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TABLES. 

EXHIBITING A DAILY REGISTER 

01' THE 

TIDES IN THE RIVER HOOGLY, 

AT CALCUTTA, 

I'ROM 1805 TO J828j 

WITH OBSERVATIONS ON THE RESULTS THUS OBTAINED. 

By JAMES KYD, Esq. 

Having kept a Register of the day and night tidesnn the Hoogly, at 
Kidderporc, near Calcutta, since the year 1800, for which the nature of 
iny business, and my establishment afforded me facilities, and the perma- 
nency of my gage fixed at the dock head, rendering the results correct, 
beyond suspicion or doubt — [ am induced to lay them before the Society, 
trusting that they may prove interesting. 

To avoid the dry detail of a daily Register, 1 have drawn the heights 
of the tides in maps, shewing the state of the river throughout the year, 
conveying at a glance, all that is requisite to be known for every useful 
purpose. 


The 
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The map No. 1, is made for the year 1806-7, and I have upon the same 
map, traced the tides for the year 1825-2(i. The phases of the moon in 
tJie latter year falling nearly on the same days, and thus enabling me to 
give two years together, and to shew the variation between them, at a dis- 
tance of nineteen years. 

Map No. 2, is similar to the first in principle, but has been chosen 
to shew three distinct inundations, that took place in the year 182.‘J. 
The first of which was occasioned by tlie sea, and the second and third by 
the (wonifcs and Damoda rivers. The tirst was a very rare occurrence, 
happening not oftener, perhaps, than once in a century; the last nearly 
as rare, but the second occurs every sixth or seventh year. 

Map No. 3, consisting of twelve parts, one for each month, is a daily 
and nightly record of the river, for the said remarkable year l822-2;5. 

Map No. 4, gives a comparison of the range of high, and low water 
for successive years, from I80<i to 1827. 

These tide-tables, formed from a register kept for twenty-two j^ears, 
establish, beyond dispute, the lowest fall and the hielu st rise of the 
Hoogly, and thus form natural points for the construction of a Jliver Gage, 
for the purpose of obtaining, at all times, the levels that may he required 
for the formation of canals, docks, M'harfs, and drains. They also shew 
the iieight of the river at all times of the year, a matter of considerable 
importance in the formation of public works, especially as the variation 
is so great, at its different periods. 

I shall now advert to the local causes which affect the tides in the 
Hoogly. The maps commence with March, in the beginning of which 

the 
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the south-west monsoon sets in. With the south-west winds, the cur- 
rents set up the Bay of Bengal, and gradually raise the sea, at its head, 
several feet, raising with it tlie Hoogly, long ere the freshes are felt. Tlie 
dotted eurve line in rnnp No. I, will shew this rising of the sea, and river 
by the wind, and currents. This cause <’ontinues till October; the pour- 
ing of the rivers into the Bay of Bengal, during the months of August 
and Septciuber, and the change of wind at the end of October, give the 
currents a set in the contrary direction, and gradually restore the sea 
and the river to the state they were in, in March. 

The effect of the two monsoons upon the currents, and the height of 
the sea, in the Bay of Bengal may, therefore, be considered as that of two 
long unequal tides, during the year, eight months of Hood, ami four 
uionlhs of ebb. 

In conformity with these periodical local causes — partial ones have 
a corresponding effect, thus strong southerly winds raise the tides, in the 
Hoogly, whilst northerly ones depress them. 

The freshes, or floods of the rivers, are a prominent periodical local 
cause, operating upon the tides of the Hoogly at Calcutta. 

The Ganges begins to rise from the melting of the snow, as early as 
the beginning of May, but its rising does not sensibly affect the Hoogly 
till the beginning of .luly, at that period, so large an accession of water 
is thrown into the Hoogly, th.at its level is bodily raised both at Jiigh and 
low water. The last is so remarkable, that the low water of the freshes 
(nca}> tides) is higher than the high Avater (neap tides also) of the dry 
season, by several feet. 



202 


TIDES IN THE 


The Dumodii and western small rivers, or moimtuiu streams, (‘ontri- 
bute very uinterially to tlie swellingof the lloonly, and ills, pvole.ihly, the 
influence of tlic Damoda, the Itupmrain, tiic Toii^ioraadlij, the Jfid- 
odec, and CA'cn the lialasore rlv(;r, (the latt<'r situated beyond the month 
of the lloofjly,) that occasions tlie height of the low natcr, by their aelinq 
as a dam, and preventing the ebbing of the waters iiom the Ganges, and 
higher streams, tjnickly into the sea. 

There is another loeal afleotion of the tides, the cause of which 1 can- 
not satisfactorily explain. In the north-east monsoon, the night tides 
are the highest, whilst in the south-vvest monsoon, the day tides arc the 
highest. 


A conjecture may he hazarded that as, in both monsoons, tlie wind 
is generally liiglK-r during the day than in the night, that the wind in the 
south- west mojisooii raises the day tide; whilst in the north-east mon- 
soon the wind, doting the day. withholds and depresses the day tide; Imt 
this is not entirely satisfaetory, in as miieh as the wiml eanuol possibly 
be uniform, whert'as the fact of the higher tides during the ilay in one 
monsoon, and during the night in the other, is beyond doubt ; besides, the 
latter is very much more than the former, being as nuicli as two feet, 
whereas the former is seldom more than one foot. The night tides in the 
north-cast monsoon are also more uniform in this respect, than the day 
tides, in the south-west monsoon. 

Should it appear from future observation that the wiml be the cau.se, 
it w ill pjovc that the depressing eflect of tlie northerly wiml, has much 
more influence upon the tides, than the increase by the southerly ones; or 
it may be, that the absence of the wind leaves the tide more freedom to 
act. 


I coiae 
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I come now to general causes. 

The horizontal parallax of the moon invariably alTccts the tides ; when 
that is high the tides arc high, and vice versa, to such a degree of correct- 
ness, that allowing for loj'al causes, 1 could venture to construct a table for 
a year in advance, that should not vary two inches, from the actual tides. 

When the ]>arallax is highest, on the second, or third day, after the 
full or change of the moon, the highest tide will correspoml with these 
days, as that is the natural period of its greatest height ; should the pa- 
rallax be decreasing, the highest tide will be on the «luy of the full, or 
change; and shoiild the j)arallax be decreasing, and near to its lowest, and 
imjcase again, after the natural period has passed, the highest tide will 
be ou the fourth day, after the full or change, of the moon. 

The ditlerence of elfect between the high or low parallax of the moon, up- 
on the height of the tides, is about two feel, fre(picutly much more ; and as its 
variation, as to the time, is shown to be four days, this is of importance to all 
mariners, as enabling them, in cases of danger, to ascertain by their Nauti- 
cal Ephemoris, the true state of the tides. No longer need they trust to the 
partial ohsorvatioii and cipially partial theory founded thereon of J’ilots 
and seamen, most of whom have a notion that the d'.irk spring tides arc 
always the highest, that the night tides arc higher than the day tides, and 
that the highest lit’.c must always occur ou the second or third day after 
the fell, or chang(', whereas the paral!a.\ of the moon will o<fectuu]||r: 
supercede this uncertainly, and either warn a mariner with his bark ou 
a shoal not to wait till the second day, and lose the springs, or save him 
from dt'spair, because these days may have passed, and induce him to wait 
w itli confidence till the fourth day, after the full, or change, for the highest 
tide, as the case may be. 
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The parallax of tlio moon will nssuredly iiulioate the height of the 
tides all over the world; this j;;otieral cause, therefore, must be applicable 
at all places. 


The following abstract will be useful, as conveying a*geneial sum- 
mary of the tides, of the Hoogly. 

From the point of lowest low water in the dry season, to that of the 
highest high water in the freshes, is twenty fec't ten inches. 

The greatest mean rise of tide from low to high wat<n- mark, takes 
place in March, April, and May, and is fifteen feet t<ni inches. 

The greatest mean rise of tide from low, to high water mark, in the 
freshes, is ten feet. 

The smallest mean rise of tide takes place in the freshes, and is at 
neap tides, onlj'^ three feet si\ inches. 

The smallest mean ri.se of the tide in the dry season, neap tides, is 
four feet. 

From the lowest fall of the river, to high water moik, neap tides, in 
February, i.s eight feet. 

From the lowest fall of the river to low water, in the freshes (neap 
tides,) is twelve feet.*'^ 

The 


* r3urin^ tlic inundation in September, 1823, the low water .«tood at eighteen Ibct six inches, 
the tide having ebbed only fifteen indies on tliat day. The difference between this low water, and 
the high water (neap tides in February ; viz. eight feet,) is ten feet six inches ! ! 
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The river is at its lowest, in the beginning of March. 

The river is swollen by the freshes in July, August, and September, 
and paiM of October. 

The freshes take off about the middle of September, and are gene- 
rally out of the riv^er, by the end of October. 

At the beginning of November, although the freshes are out of the 
river, it is upwards of three feet higher at low water, than in March. 

J'Jie river is in the most quiescent slate, during the months of Novem- 
ber, December, January, and February; during these months the night 
lid('s are higlier, and more ra])id than the day tides, and there are, on some 
occasions, bores at night. 

The strongest Hood tides, and the greatest mean rise of the tides, are 
in Marcli, April, May, and June. The day tides in tlicse months, are 
higher, than the night tides. 

The strongest freshes are in September. 

Ill July, the stroiiglh of the Hood tides is counteracted by the freshes, 
and this, therefore, is a moderate month, as regards tides. The bo^lftf 
also are moderated as a consequence. 

In August, the flood tides are overcome by the freshes, and the bores 
arc moderate ; should there be a high parallax of the moon, however, the 
great height of the sea, in this month, will cause a considerable bore. 
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In Srptpmber, the freshes are at their height, there is no visible tide 
oft’ ralcuttu, the ships do not swing np, and the river water is perfectly 
sweet, far beyond Saagor in the open sea. The high parallax of the 
jnoon at the equinoxes, with the great height of the sea, produces a heavy 
bore in this month. 


The Bores. 

The bores in the Hoogly occur only on the liighest, or at alternate 
spring tides ; their appearance may, with certainty, be predicted by the 
season of the year, and the ])arallax of the moon. During tin; months of 
November, December, January, and February, or on the periodical ebb 
of the sea, when the currents are setting down the Day, the tides, as may 
be supposed, are languid, and conse<piently, during this period, there are 
no bores.* 


As soon as the soutb-w(?st monsoon sets the cTirrents up the Day, 
the sea begins to rise, the tides t>ev'’ome strong and high, and bores follow 
in their train ; Avhenever the parallax of the moon is high on the springs 
during the south-west monsoon, bores will certainly make their appear- 
ance, and when strong southerly winds arc added, and freshes withheld, 
the height of the bores vcill be increased. 

Jt 


^ Except very rarely — In twenty-two years I have known but tliree instances. Agreeably to the 
Statement of local causes which accelerate or depress thetides, it will bo obvious that tluring the north- 
east monsoon, if the winds wliich blow the waters down flic Bay, be more than usually moderate, and 
tlie moon’s parallax be high, there may be a high tide, and with it a boro, and this, agreeably to the 
third local cause, ill happen at night. These night bores are particularly (Uiigcrous, as they are 
very rare and, consequently, unexpected. They may he guarded against, by always considering it 
possible for them to occur dining the north-cast monsoon at night, upon a high paralla.x: of the moon. 
Agreeably to the same local cause, it is fortunate that the bores at night, during the south-west 
monsoon, are not so liigh, as in the day. 
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It mast be remembered that tlie luught of the bore, is actuated by the 
j)ecali!ir form of the sands, and the direction, and set of the tides, in any 
particular reach of the river ; for instance, wliere the cliannel is straight, 
Avith deej) water, from side to side, and no sand-bank, there Avill be no bore 
at any time ; but a mere swc'll on the coming in of the tide. This is the 
case at the lower part of (larden Reach, opposite the Botanic Garden. 
This is the ease also otf (Calcutta, at Howrah Ghaut, where the back chan- 
nel having lately tilled np, the main channel is now conlined between 
higli banks. It is only wliere the main channel lies on one side, Muth a 
low sand on the other, that the bore shews itself upon tJic latter. This, a 
very few years ago, was the case opposite to Calcutta, and there was, at that 
time, an enormous bore, but which, as above explained, exists no longer. 


END OF PART I. 
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List of the Donors and Donations to the Physical Committee of the Asiatic 
Society, from Wlh February 182H, to ‘iOlh May, 1829. 


J. Eso. — Tlirce wcll-pro, served Specimens of the Mantis Insect. 

Majok Rratsoiv. — Some Specimens of the prev.<iiling Hocks about Simlah. 

Capt. W. BuurK, — A. Bottle of Hot Water from tlie Hot Springs at the foot of the 
Attaram Hills, in the Province of Tenasseram. 

Some Mineral Specimens from Persia, the Coast and Islands of the Gulf of Per- 
sia, and also some from the Coast of Tenasseram. Some Minerals collected in a 
Journey along the Hills of Rotas Ghur and Sasseram. 

J. Calder, Esq. — A Series of Specimens illustrative of the Secondary Rocks, containing 
Organic Remains from the neighbourhood of the Giants’ Causeway in Ireland ; 
and also a Specimen of two very perfect Joints from one of the Basaltic Columns 
of the Causeway. A singular Species of Mollusca, from the Coast of Ceylon. 

Capt. Coulthard. — A Series of Specimens from Saugor, and its adjoining Districts. 

Du. Duncan. — Some Fossil Rones of an Elephant, found in the river near Culpee. 

Lieut. J. Finnis. — Specimens of the Minerals in and near the Coal Mine at Hassinhabad. 

Capt. Jas. Fiunkun.— A n extensive Series of Geological Specimens from Bundcicund, 
Boghelcund, and the Districts of Saugor and Jubbulpore. 
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Dr. Govan.— F irst and Second Selections of Specimens from the vicinity of Simlah. A 
iliird Selection of Specimens from the Himalaya ran^je. Some Organic Remains 
from the bed of the Sullege. Addiiionul Specimens from the Hill Provinces. 

Dr. J. Grierson. — A well-preserved Specimen of the Long Ear’d Bat (Nospertilio Aiiritiis). 

J. Hardie, Esq. — Some Specimens of the Rocks near Biana. Mineral Specimens from 
Central India. 

Coii, Hougson. — A Geological Map of England. 

Mr. Leslie. — Drawings of a Doe and of its Skull. 

Mr. Lewis. — Some Specimens of Rock (granite) and Earth from the top of Mount Ophir, 
Malacca. 

R. Rose, Esq. — A Collection of Geological Specimens made during a Survey of the Roads 
from Midnapore to Sumbulpore, and from thence to Cuttack and Balasore. 

Dr. Royle. — A Series of Specimens illustrative of the Districts of Rajpoor, Mussoorce, &c. 

Mr. Smith. — Speciiiici\s of Lithographic Printing from Captain Franklin’s Lias Limestone 
of Bundelcund. Specimens of Lithographic Printing from Stones sent down 
from Agra by Lieutenant J. F. Boileau. An Impression from a llotus Stone, 
sent by Lieutenant J. Thomson. 

Dr. P. F. Strong. — Specimens of Peat Earth from a large Tank on the Dum Duin Road. 

Specimens o4' the Clay obtained in repeated borings in and near the Sait Water 
Lakes, Calcutta. 

Lieut. J. Thomson.— A Series of Specimens from the vicinity of Gyah and Rotiis Gurh. 

Mr. Walters. — A Box of Minerals from the Cossiah Hillso 

Mr. Wand. — Specimens of the Calcareous Deposit found about the Hot Spring in 
Bencoolen. 
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INSTRUCTIONS FOR COLLECTING GEOLOGICAL SPECIMENS.* 


It so often happens that specimens sent from distant places, by persons unpractised in ^'cology 
fail to give the instruction which is intended, from the want of attention to a few necessary pre- 
cautions, that the following directions may perhaps be useful to some of those, into whose hands 
these pages are likely to fall. It will be sufficient to premise, that two of the principal objects of 
geological iiupiiry, are, to determine, — 1st, the nature of the inateriah of which the earth is com- 
posed ; and, 2ndly, the relative Order in which these materials are disposed with respect to each 
other. 


1. Specimens of rocks ought not, in general, to be taken from loose pieces, but from large 
masses in their native place, or which have recently fallen from their natural situation. 

2. The specimens should consist of the stone unchinged by exposure to the elements, which 
sometimes alter the characters to a considerable distaiK'c from the surface.— Petrifactions, however 
arc often best distinguishable ia masses somewhat decomposed ; and are tlius even rendered visible, 
in many cases, where no trace of any organized body can be discerned in Uie recent fracture- 

3. The specimens ought not to be too small.— A convenient size is about three inches square, 
and about three-quarters of an incli, or less, in thickness. 

% 

4. It seldom liappcns that large masses, even of the same kind of rock, are uniform through- 
out any considerable space ; so that the general character is collected, by geologists who examine 
rocks in their native places, from the average of an extensive surface:*— a collection ought therefore 
to furnish specimens of the most characteristic varieties ; — and the most spletidid specitnens are, in 
gmeraly not the most instructive. Where several specimens are taken from the same place, a series of 
numbers should be added to the note of their locality. 


• Vrom the Appendix to Captain P. P. King’s “ Narrative of a Survey of the Inter-tropical and Western 
Coast of Australia by William Henry Fitton, M.D., F.R.S., V.P.G.S. 
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5. One of the most advantageous situations for obtaining specimens, and examining the rela- 
tions of rocks, is in the sections afforded by cliffs on the sea shore ; especially al’ter recent falls of 
large masses. It commonly happens that the beds thus exposed arc more or less inclined ; and in 
this ca^e, if any of them be inaccessible at a particular point, the decline of the strata will frequently 
enable the collector to supply himself with the specimens he wishes for, within a short distance. 
Thus, in the subjoined sketch, which may be supposed to represent a cliff of considerable height,— 
the observer being situated at a, the beds c, ri, though inaccessible at that place, may be examined 
with case and security, wdiere they successively come down to tlie shore at dy and d\ 



6. To examine the interim' of an unknown country, more skill and practice arc required ; 
the rocks being generally concealed by the soil, accuinurations of sand, gravel, &c., and by the 
vegetation of the surface. But the strata are commonly disclosed in the sides of ravines, — in 
the beds of rivers and mountain-streams ; and these, especially where they cross tl)e direction 
of the strata, may be made, by careful examination, to afford instructive sections. 

7. Among the occas'onal components of the strata, the remains of organized bodies, — shells, 
corals, and other zoophytes, — the bones and teeth of animals, — fossile wood, and tin* impressions of 
vegetable stems, roots, or leaves, <Src., are of the greatest importance ; affording generally the most 
marked characters of the beds in which they occur. — These should, therefore, be particularly sought 
after, and their relative abundance or rarity in different situations noticed. The petrified bodies 
should, if possible, be kept united with portions of the rock or matrix in which they are found ; and 
where they are numerous, — in .sand, clay, or any moist or friable matrix, — it is in general better to 
retain a large portion of the whole mass, to be examined afterwards, than to attempt their separation 
at the time of collecting. 

8. I’lie Ic/ose materiah which are found above the solid rocks, in the form of gravel, silt, rolled 
pebbles, &c., should be carefully distinguished from the solid strata upon which they rest. And the 
more ancient of these loose materials, found on the sides or summits of hills, &c., should be distin- 
guished from the recent mud, sand, and gravel, brought down by land-floods, or by rivers. The 
bones and tectli of animals arc not unfrequently found in the more ancient gravel ; and the col- 
lection of these remains from distant quarters of the globe, is an object of the greatest interest to 
geology. 

9. Besides a note of the locality, there ought, if possible, to accompany every specimen, a short 
notice of its geological circumstances ; as — 

Whether it be found in large shapeless masses, or in strata ? 
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If in strata,— what are the thickness, inclination to the horizon, and direction with respect to 
the compass, of the beds ? — [If these cannot be measured, an estimate should always be recorded, 
while the objocis are in view.] — Are they uniform in dip and direction? — curved, or contorted? — 
continuous, or interrupted by fissures or veins ? 

Is the whole cliff, or mass of strata in sight, of uniform composition ? — or does it consist of 
dificrent kinds of stone ? 

If the strata be different, — what is the order in which they are placed above each other 
successively ? 

10. A labc/, distinctly written, should accompany every specimen, stating its native place, its 
relative situation, SlC, &c. And these labels should be connected with the specimens immediately, 
on the spot where tliey arc found*. — This injunction may appear to be superfluous ; but so much 
valuable information has been lost to geology from tlie neglect of it, that every observer of experience 
will acknowledge its necessity ; and it is, perhaps, in practice one of the most difficult to adhere to. 

11. A shalch of a coast or cliff, however slight, frequently conveys more information respecting 
the disposition and relations of rocks, than a long memorandum. If numbers, denoting the situation 
of I he specimens collected, be marked upon such sketches, much time nmy be saved at the moment 
t)f collecting. Hut in all such cases, the memorandum should be looked over soon afterwards, and 
labels distinctly explaining their situation, &c., be attached to the specimens themselves. 

Ir^. Tlie specimens should bo so packed, that the surfaces may be defended from exposure to 
air, moisture, and friction ; for which purpose, if strong paper cannot he obtained, dry moss,f or 
straw, or leaves, may he employed.:!: Where paper is used for wrapping tho specimens, they are 
best secured by fastening the envelope with sealing-wax. 

Lastly, The collector must not he discouraged, nor be prevented from collecting, by finding 
that th^ place which lie may chance to visit in a remote situation, has not a striking appearance, or 
the rocks within his view a very interesting character ; since it freijuently, and even commonly, hap- 
pens, tliat facts and specimens, in themselves of very la tie importance, become valuable by sub- 
sequent comparison ; so that scarcely any observation, if recorded with accuracy, will be thrown 
away. 


* It is useful to mark on tlic labels tlie day, and even the hour, wlien each specimen is collected. This, with 
u con'cspoudiiii* note in the inoiijoiandiini-hook, will he found to assist the memory, and prevent confusion. 
Picsidcs the label attacUed to the speciuicii, it is a very necessary precaution in India, to describe the locality, &c., 
of the specimen on a sepal ate slip of paper, to be well doubled up and enclosed iu llie same wrapper with the 
hpccimcn. 

t ('ottoii, wool, or sunn. 

X Kalajeeia seeds, or pounded spices, should be scattered amongst the parcels to preserve the labels and 
wrappers from insects. 
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The Imiruments required by the geological traveller will vary, according to the acquirements 
and specific objects of the individual. The most essential ere : — 

The Hammer ; which, for general purposes, may be of the form here represented : — 



The head should be of steel well tempered, about Cindies from the face to the edge, and inch 
square in the middle; the face flat, and square, or nearly so ; the edge placed in the direction of tlic 
handle. The orifice for the insertion of the handle oval, a very little uider on the outer side than 
within; its diameters, about 1 inch vertically, and across; the centre somewhat more than 
inch from the face. The handle should be of ash, or other tough wood ; not less than IG inches 
long; fitting tight into the head at its insertion, without a shoulder; and increasing a little in size 
towards the end remote from the head, to prevent its slipping — It should be fixed in the head by 
means of a thin, barbed iron wedge. 

For trimming specimens, smaller hammers may be employed : — The form of the head, recom- 
mended for this purpose by Dr. MacCulloch*, is rectangular. Tlie dimensions of the face may be 
1 inch by ^ ; the height 2' . 



It yr\\\ be expedient to have always some hammers, (or at leajrt the heads,) of different sizes, 
in reserve. ^ 

A small miner spick is useful for cutting out, and splitting portions of slaty rocks ; or for ob- 
taining specimens of clays, 

A small stone-cutters chisel , — A chisel with a handle, of the form here represented, will often 
save the hand of an inexpert collector, and better enable him to direct his blow. 



On the forms of Mineralogical Hammers,** Quarterly Journal, (R. Inst.) vol. xi. 1821, p. 1, Ac. 
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into labels. Thick ^Mm-{ 0 a/«r» to cement the lobolo, to thoq>odiMQf>t/ ' 

# * ‘ j , 

For the Conv^catee of ep^inuM,^A large bag cf kadter, with' ttApa, Ibr the . 4iOttlden. 
Strong canvas hags^ of smaller size, are very convenient for subdivision and arrangeinMt.-*For the 
protection of crystals, or delicate petrifactions, &c.,,moof or cotton are.necessafy t and ai4ial| Utudtn 
boxes (like those used for holding wafers) are sometimes required. For distant eanl^e^^^i^Dg 
timden boxes, casks, or baskets. • ^ , > 

The following are either essential, or useful in various degretis,- for obtaining and 
observations. 

Pocket Memorandum’Books, of sufficient size to admit sketches. ‘ ~ 

A Pocket Compass, . ' 

A Measuring-tape, oiMyj ieot, os mote, ; , - 

A 1 elescope, ^ ^ ^ 

A Camera Lucida, . . 

A Box of Colours, 

The best Maps should always be sought fort->And, the true economy to the traveller being 
that which saves time, it is best to mark, or even to colour the map, in the field. Notes insertei^ t>nv-‘ 
imperfect maps, or deduced afterwards from memoranda, are less authentic ; and the process ia 
frequently neglected. / v 


Poriabk- Barometers, witli detached thermometers, are desirable ; and the best instruments are 
ultimately the cheapest. I3ut, unfortunately, barometers of every construction are very easily 
damaged or deranged.— Minute accuracy, however, in the determination of heights, though very 
intercking to physical geography, is comparatively of little importance to the geologist. 

If the collector be a surveyor, he will know best to what purpose^ a Po(^ SfKtfmA or. a imott 
Theodolite, is applicable the measurement of distances,— of heights,— and of the inclination of 
strata, Ac. 


* Strong English brown paper is preferable to any other as no insects will attack it. 
t If paste is used, any essence added to it wifi preserve it from mildewing. > , 










“ or charcoal,” read on charcoal, &c. 

for “Lime, with a trace Mae.” read Lime, with a 


te(»i 59-50, &c. 

for ^*Linc IfW^p^tc Inn)” Iron. 
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OBSERVATIONS 

OH THE 

IJfCLINATION ANI) declination 

OP THE 

\ . 

MAGNETIC NEEDLE. , 

By lieutenant* colonel J. A. HODGSON, 

* Survey Gentral of Lidia i and 

MONSIEUR DE BLOSSVILLE, 

Honorary Mewher Asiatic Society, 

Communicated by Captain J,D. Herbert, Assistant to the Surveyor deneral. 

The progress which haa latterly been made in the in?eatigatioii of the 
magnetic phenomena is remarkable. A new science, that of Electro- 
magnetism, has been cr^ed, and the happy conjecture hai^mded by 
Playfair, that the mysterious properties or powers of maU^, whieh we 
name gravity, chemical affinity, galvanism, magnetism/ ^^etneity, %c. 
would be one day referred to a single cause, has been ahimit realized. The 
very striking facts developed in the tl^ermo-electric expenmepts have 
been ably investigated, while the law of the magnetic force has been 
determined, and the effect of heal attraction rigorously calculated. The 
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curious practical result of these latter investigations leading to the 
correction of that disturbance, under which the magnetic needle on board 
ship had till then laboured, from the influence of the iron-work about the 
vessel — offers an example of that utility which, though it may not always 
be obvious, yet is assuredly sooner or later the fruit of an assiduous cul- 
tivation of science. 

Nor have the more ordinary phenomena of magnetism been neglect- 
ed in this general movement. An immense mass of results have been 
collected by our voyagers to the north pole, relating to the declination 
and inclination of the magnetic needle, as well as the intensity or direc- 
tive power. Other observers have assisted, and as far as Europe and the 
northern regions are concerned, little, perhaps, remains to be desired in this 
branch of experimental Physics. But with regard to the other countries 
of the globe, the facts that have been collected are “ few and far between.” 
I am happy, therefore, to be able to communicate the following observa- 
tions made in this country by two members of this Society. We have 
not yet had any observations of the kind recorded in India, and I doubt 
not the Society will receive favorably this attempt to fill up the blank 
that exists. Let us hope, too, that the publication of these results may 
stimulate other enquirers ; and that, by their exertions, we shall yet have 
correct determinations of the three elements of inagnetic inclination, 
declination, and intensity, at all the principal places of our Indian empire. 

The results now offered comprehend the determination of the declina- 
tion and inclination of the magnetic needle. The first series made on board 
the French Corvette La Chevtette, is by M. de Blossville. I have not 
thought it necessary to translate his introductory notice, as preferring to 
retain his own expressions. 


“ Lesf observations que j’ii faites dans les differens lieux on La 
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Chevrelte a toucli^* coniprennent lous les elemens du magnetisme terrestre ; 
inais I’etude des plusieurs de ces pheuomtiiies ne pourront fournir des 
rcsultats positifji, qu’aprtis avoir repete a I’observatoire royal de Paris, 
les ^spreuves des instrumens qui ont employes : il ne sera question 
dans cettc notice quo de I’inclinaison, et de la declinaison deVaiguille 
aimantt^'C. C'e n’est egalcment qu’apres le retour de la Corvette, qu’on 
pourra s’occuper de tirer des conclusions des observations met6orologique8 
qni ont »';tc‘ faites d’heure en heure avec des barometres et des therni' 
metres tres exacts, pendant toute la duree du voyage.” 


“ L’inclinaison de I’aiguille a cte mesur^e avec une boussole et quatre 
aiguilles qui furent miscs pour la prenaierc fois en experience a. I’Observa- 
toire dc Paris, en presence et sous la direction de M. Arago, membre de 
I'lnstitut, quebpies jovirs avantnotre depart. Dons cette occasion, comme 
dans toutes les autres, lorsqu’une aiguille a ete observ^e sur ses deux 
faces ; on a c,liang6 ses poles avec de forts carreaux et apr^s avoir obtenu 
une secondc iuclinaisoa, on a eu, en prenant la raoyenne des deux, un 
resultat exempt des erreurs qu’aurait pu produire un defaut d’equilibre. 
Pour placer l aiguille dans la direction meridienne magnetique on a chercbe 
d’abord le plan perpfendiculaire, ou le plan de I’equateur dans lequel elle 
se trouve vcrticalc, ou bien, dans les faibles latitudes, on a oriente la 
boussole d'apres une mire bien determinee. Quelque fois^es deux me- 
thodes ont ete employees concurremment et ont offert I’accord le plus 
parfait. On trouve dans le tableau le resultat moyen des quatre aiguilles.” 
* 

“ Une ddscription de la boussole declinatoire qiii nous avait 6t6 four- 
nie par Le depot des cartes et plans de la marine, serait trop longue, mais 
les personnes qui Font vue a Calcutta se sont. convaincus de I'exactitude 
de cet instrument, et de tons les moyens de verification qu’il reunissait. 
Dans toutes les experiences on s’est servi de deux aiguilles qu’ou retournait 
sur leurs chapes au milieu des observations et dont on n’a pas irenouvelle 
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le magnetisme pendant toute la dur^e du voyage. Les deux aiguilles n’ont 
jamais differ^ de plus dune minute dans le relevement des mires dont la 
position astronomiquc a toujours ete determinee au moyen d’une circle 
de reflexion de Borda, par des series nombreuses d’azimuths pris a Test 
et a Touilst.” 


I.— TABLEAU DES INCLINAISONS ET DECLINAISONS. 


NOMS DES LIEUX. 

DeCLIN AltiON. 

Incmnatson. 

Paris, 

01 

24‘ 

AV' 

N. O, 

67° 

51' 

42'' 

N. 


19 

21 

23 

N.O. 

03 

14 

0 

N. 

St. Denis- lie Bourbon, 

11 

57 

48 

N.O. 

55 

05 

51 

S. 

Calcutta, 

2 

38 

05 

N. E. 

20 

32 

38 

N. 

Cbandernagor, 

2 

S9 

52 

N. E. 

20 

47 

03 

N. 

Eaiigoun,* • . • • . • . . 

0 

49 

62 

N. E. 

17 

61 

17 

N. 

Tringuemalay, 

1 

08 

05 

N. E. 

3 

31 

10 

S. 

JafTnapatam, 

1 

10 

00 

N. E. 

0 

39 

45 

s. 

Souliperon, Ceylon, .... 





0 

30 

34 

s. 

Aripo, Ceylon, 


» 

» 


2 

17 

34 

s. 

Batavia, •••• 

0 

31 

08 

N. E. 

25 

.50 

01 

s. 

Pondicherry, 

1 

02 

13 

N. E. 

3 

40 

00 

N. 

Karikal, .... 

1 

14 

01 

N. E. 

>> 


j* 



* Les observations de Uangoun out ete faites par le Captn. fabr^^et M. Jeanneret. 


This Table is an important addition to our knowledge of the mag- 

X 

netic phenomena. The magnetic equator, it appears, passes at no 
great distance north of the island of Ceylon, and touches the northern 
extremity of the island Junkseilon. This would give the place of the 
magnetic pole, as inlat. 80^, long. W. 105”, being very nearly the position 
assigned to it by the observations made by Captain Parry and his asso- 
ciates*. It does not, however, appear that the magnetic equator must 


* First Voyage. Captain Sabine gives the position as being 60 ^ N. Lat. and BQ^ W. Long. 





OF THE MAGNETIC NEEDLE. 


5 


necessarily be a great circle of the sphere, or the magnetic pole a mathe- 
matical point. 

The ne.Kt Table contains the details of some magnetical observations 
made at the ol)servatory of the Sui’veyor GeBeral’s Office, under dke direc- 
tion of Lieutenant-Colonel Hodgson. There being no inclination instru- 
ment, or dipping needle, in the depdt, the investigation was necessarily 
confined to the determination of the declination. The paper gives all the 
particulars, and details the precautions taken to insure a correct result. 
One verification which is not touched on in either of the papers I may 
notice, as it is an important one, and is seldom adverted to. 

In making observations with a declination circle — the following is 
the proceeding. .The true azimnth of an object, or its angular distance 
from the meridian, being determined by other methods, we obsen^e its 
magnetic bearing by the declination instrument, that is, the angle wjiich 
the olijoct forms with the direction* of the needle. Now this supposes 
that we can determine the precise point on the limb of the instrument 
situated in the vertical plane, passing through the lineofcollimation of the 
telescope, and also in that passing through the axis of the needle. The 
first can be done by reversing the telescope, and repeating the intersec- 
tion of the object, taking the mean of the two readings ass-the true place 
of the tele.scope on the limb. But the second has this difficulty attend- 
ing it as these instruments are ordinarily made, that the needle being 
referred to a different set of divisions, unless we are sure that the line 
marked zero on each accurately correspond, there will be error. This is a 
point the verification of which is not provided for by any instrument 
I have seen, although the remedy is obvious enough — that of making the 
same set of divisions answer for both needle and tele.scope. This 
I have understood was the case in M. De Blossville’s instrument. To 
determine llic amount of the error, if any, in thQ instrument used at the 
Surve}cr Generars Office, I proceeded as follows : — 

c 



e 


INCLINATION AND DECLINATION 


A theodolite M^as set up, and the telescope directed to the declination 
instrument, Avhich was plac.ed as nearly as could be estimated, so that its 
plane should be at right angles to the axis of the telesco[)e. The teles- 
cope being then made to pass through the 0® and the 1 bO® divisions of 
the ex tenor limb was found t(^ form an angle with the line of north and 
south in the compass-box, the wire of the telescope passing to the west 
of the north end, and to the east of the south end. 

It was not easy so to adjust the two instruments that the line 
described by the cross wires should exactly fall on both 0“ and 180". It 
was, in fact, found that more satisfactory results were obtained by bring- 
ttig them on the upper point or o“ by means of the tangent screw, and then 
estimating the deviation on each of the other three points. As the 
telescope has a considerable magnifying power, and as the declination 
circle was within five feet, such an estimate it was found could be perform- 
ed with tolerable accuracy. To make this clearer, 1 shall give the detail of 
one observation : 

Cross wires of telescope, on 0® . 0' of outer circle. 

passes to West of North, ..0 .30 inner circle. 

— East of South, . . 0 .12 inner circle. 

East of ItlO® . . . . 0 .10 outer circle. 


Here then it is evident, that the cross wires of the telescope, described 
a line forming an angle of ^ 5', with the line joining 0° and 180® 

on the outer circle. While it formed an angle of =r 21', with the 

line of north and south in the compass-box. Consequently, the latter 
must have formed an angle with the former of ] O', and by that quantity 
must the declinations determined by this instrument be erroneous. A 
second observation gave 15^, a third 13^, a fourth 12 ^, — mean 14' 4". 
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To understand whether this correction be + or — we are to consider 
1st. That.thc line joining 0° and 180° on the limb, (north end) passed to the 
east of the line described by the cross wires; 2iid. That the line of north 
and south in the compass-box (north end) also passed to cast, but by a 
greater quantity. Then the north and south Ijne in the compass-box passed 
(north end) to east of the line joining 0° and 180° on the outer limb. The 
point to which the needle should have been adjusted is, consequently, 14' 24" 
M'e-st of the point to which it is actually adjusted. Now, let us suppose the 
magnetic bearing of the meridian taken, it will be 2° 2ti' 52" north-east ; but 
if the point from which the divisions arc reckoned, and with it each of the 
divisions Avere moved 14' 24" west, then the above beai’ing would be 14' 24" 
more. Adding this quantity to 2° 20' 52" we get 2° 41' 10" as the correct de- 
clination in Calcutta, in February 1820. It is Avoi'thy of remark, that M. De 
Blossa'ille’s determination (see Table 1.) is 2° .38', being only 3' 10" less, 
llis instrument did not retiuire this correction, as the needle and teles- 
cope were referred to the same set of divisions. Whether the circum- 
stance of its having no nonius for reading the sub-divisions will account 
for the above small diflcrcncc of ,3' 10", I cannot pretend to say. It is to be 
observed, that even AAntli the siiine vbxoTcr and inxtmment, the latter 
furnished Avith three nonii, two different needles may vary 2' 24". 

To this cause I am disposed to attribute the discrepancies observ- 
able in taking magnetic bearings with different theodolites, Avhich 1 have 
found sometimes amounted to 1° 30'. ’ When the magnetic declination is 
observed with the same theodolite with- which the bearings were observ- 
ed, this becomes a matter of no moment, bftt it must always be an obstacle 
in determining the absolute amount of the magnetic declination. For 
this reason I thinkno great stress can be laid on the contents of Table III. 
compiled by Lieutenant Colonel IIoncsoN, which I, nevertheless, give, as 
it may attract the attention of the several observers to the subject, and 
induce them, perhaps, to verify their results in the manner indicated. 
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Memorandum of Observations made at the Ohscrralory, Surveyor (ieneruVs 
Office., Chowring/tec, Calcutta, to determine the Magnetic Otchnatimi hetivccn 
the tid February and 2ith February, 1828. 

“ Thfe Declination instrument ismadeby Gilueut ; the azimuth circle 
is of eight inches diameter, and divided to 30' subdividing to single minutes ; 
the divisions are read by three verniers, at eciiial distances, and each 
observation below noted is the result of twelve readings ; i. e., tliree with 
the face of the altitude circle to the east, and three to the west, from tlie 
north end of the needle, and of as many from the south end. The telcsco[)c 
is of 11 J- inches focal length, and 1; inch aperture, and carries cross wires. 

The instrument being placed on a stone pillar at a convenient tlis- 
tance from the transit instrument in the Observatory, out of the influence 
of iron, and duly adjusted, was correctly laid on the distant meridian 
mark by causing its centre wire to cover the distant meridian mark, and 
also the centre wires in the transit telescope, the wire of the declination 
instrument being reciprocally viewed and covered by the meridian wire 
of the transit telescope.” 


The residt derived from three Nee<lles, are as follow ; 

TABLE II. 


Date. 

1828. 

Time. 

Barometer 

by 

Trou^hton. 

Attached 

Thermometer. 

■51 

p % 

S 

Declination 
of the 

^lurth end of 
the Needle. 

Declination 
\Ve.8l of the 
South end of 
the Needle. 

Mean Declination East. 



11. M. 

Inches. 






February 

3 

0 40 p. M. 




2^^ 35' GO" 

2^ 27' 30" 




05 30 P. M. 




2 22 00 

2 23 .50 



4 

09 20 A. M. 

29 900 

07^ 

70^ 

2 2.5 40 

2 2S o) 

1 



00 35 p. M. 

29 930 

7H 

79 

2 2 4 00 

2 20 2) 




5 15 P. !>i. 

29 804 

SO 

82 

2 22 10 

2 21 20 

_ 



L 55 A. M. 

5:j-902 

09 

70 

> 27 50 

i 2 2S 30 




0 5:5 P. M. 

29 y.» a 

1 T7-7 


2 2 1 GO 

i 2 21 40 

1 




o 25 P. M. 

1:9 -HHS 

SO 

i % 

1 H2 

1 2 22 00 

I 2 28 39 

1 
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Date. 

1828. 

Time. 

^ B 

^ 0 

iZ 0 

Attached 

Tliermcmeter. 

-o -Si 

at 

•Si 

X S 

^ JS 

H 

DecHnutiou 
Fast of the 
Noith end nf 
the Needle. 

Declination 

W est of the 
Soutii end of 
the Needle. 

Mean DediittUon East. 



fl. M. 

liiche<J. 

0 

0 







Tcbiuaiy. 

0 

8 Si) A. M. 

30 032 

00 

G9 

20 

25' 50" 

2-3 

30' 

40" 




0 20 p. M. 

30 020 

70 .5 

79 

2 

21 30 

2 

2G 

40 



7 

5 00 P. M. 

29 -908 

82 


2 

25 30 

2 

23 

00 



8 

8 27 A. M. 

30 028 

07 5 

08 

2 

22 40 

2 

28 

10 

By Needle No. 1. 



0 52 1*. M. 

300 12 

71 

77 

2 ‘ 

21 40 

2 

27 

20 

25' 22" 



1 40 P. M. 

29 970 

7H 

80 

2 

2G 20 

2 

25 

30 



y 

7 ‘.1,7 A. M. 

30 032 

58-5 

G1 

2 

23 40 

2 

2G 

30 




0 :io p. M. 

30 000 

73 

7G 

2 

25 00 

2 

25 

00 




0 10 P, M. 

30 0 10 

75 

7ft 

2 

19 00 

2 

27 

50 



JO 

0 18 A. M. 

30 100 

ri.5-5 

G7 

2 

23 00 

2 

30 

00 




0 08 P. M. 

30 050 

4 

70 


2.3 30 

2 

26 

50 



11 

0 10 A. »l. 

30 05 1 

03 

Gt 

2 

21 20 

2 

2:1 

10 




J 00 P. M. 

30 01b 

72-5 

7G 

2 

21 40 1 

2 

27 

00 




5 00 p. M. 

29 #?0 

73 

74 

J, 

2.5 00 

2 

30 

40 



12 

y 0(1 A. i>i. 




2 

21 50 

2 

25 

00 




15 1 > P. iM. 

29 970 

78 

79 

2 

22 10 

■2 

25 

20 

1 



S 10 A. -M. 

30OS8 

<i3 

G1 

2 

35 10 

2 

27 

10 




0 :u» p. M. j 

30072 

75 

77 

2 

33 30 

2 

26 

20 




5 12 J». M. 

29 9K8 

78 

1 79-.5 

2 

25 60 

2 

21 

30 



1 .1 

1 815A.M. 

30 0SS 

04 

1 (»5-5 

2 

31 10 

2 

25 

30 

By Needle No. 2. 



1 0 .50 F. M. 

30080 

77 

1 79 

2 

27 10 

2 

26 

10 

2® 27' 46" 



5 I '/i P. M. 

! 30 018 

79 5 

80-5 

2 

3 1 20 

2 

29 

30 



l(J 

0 00 A. M. 

30-060 

i 03 

j 05 

2 

26 40 

2 

20 

40 




11 50 A. M. 

.30090 

: 73 

1 

; 7.5 .5 

2 

29 20 

2 

23 

30 




1 5 1 P. M. 

29-920 

! _ . 

79-5 

! 80 5 

2 

28 00 

2 

23 

00 



17 

S 02 A. M. 

30-010 

GO 

GG 

2 

28 40 

2 

2G 

20 



10 

8 25 A. M. 

30-112 

GO 

08 

2 

23 20 

2 

29 

.00 



22 

0 58 P. M. 

00-072 

81*5 

L*0 

2 

25 30 

2 

22 

00 




4 27 p. M. 

30-000 

90 -.5 

90 

2 

29 10 

2 

29 

30 



2:1 

9 30 A. M. 

30 050 

73-5 

75 

2 

33 00 

2 

26 

00 

By Needle No. 5. 



0 30 p. M. 

30-011 

83 

8S 

2" 29 10 

2 

26 

20 

20 27' 20" 



,5 35 p. M. 

29 9 12 

89-5 

89-5 

2 

2.8 30 

2 

21 

30 



21 

9 .10 A. M. 

30-030 

70-5 

77 0 

2 

29 00 

2 

26 

20 


1 


9 27 p. M. 

29 980 

83 5 

85-5 

2 

33 00 

2 

27 

10 


1 


5 42 p. M. 

29-920 

89-5 

89-0 

2 

27 40 

2 

27 

20 



Mean of Needle, No. 1 2“ 2 '" 

No, 2 2 27 4t> 

No, 3 2 27 29 


Mean of Needle, No. 1 2“ 2.>' 2 '" 

No, 2 2 27 4t> 

No, 3 2 27 29 

Mean of three Needles, 2 . 26 62 

Add error of Zero in Compass Box, 14 24 


Declination East, 2 41 16 


1 > 






10 


INCLINATION AND DECLINATION 


“ The followin'; are the results of some Observations for 
the Magnetic Variation lately niaile at places situated at 
distances from Calcutta, and from each other.” 

TABLE in. 


1 Date. j 

ridce. 

l*io\ niee 


Latitude. 

Ob.se 1 ver. 

Year. 

INIontli. 

Disliict. 


1813 

Alai ell 1 

23 

Siikeel, 

Dooali, 


27^‘2(l' 11". 2 N. 1 

iMajnr Hodgson, 


Apiil 

11 

Dot only, 

ditto, 


2S 5 32 



Maj 

10 j 

St'.sanua, 

dtU(>, 

1 

2 ^ 50 (to 2 



Juno 

•n; 

Kli.idana, 

ditto, 


21) 13 10 



Nov. 

S’ ! 

( oel, 

ditto, 


27 53 13 





Sookertal, 

ditto, 

! 

28 40 0 



Dtc. 

*2 

( liamly I’abar, 

ditto. 

1 

20 .5., 11) 




1 

Deliiali, 

Do'.iu \ .iUe\ , 


30 to 11 


1811 

A|)i il 

! 

Sen 'jnnii-, 

dit to. 


30 23 02 


1815 

F-eb. 

S i 

llmi jaiy Dokra, 

lletliab, 


27 2 20 



May 


Disloniia, 



2b 10 30 


I81(i 1 

.Maiob 


liuiur.j vu)i-, 

Dooab, 


21) 57 10 



Apiil 

2 

Mulinii, 



30 33 20 75 




2 ) 

ol 

20 

^(’liour Stalion, 

Hill Stalt?*, 


30 50 27 33 



Dec. 

11 

(iovcMlliunpuor, 

Dooab, 


20 11 If) 


1817 

I'cb. 

2 

Kashcepoor, 

Koliilkbiiiid, 


20 11 5.7 


18.»5 

Nov. 

d 


Sy Uiel, 



F-ieul. I'islier, 

1827 

Dec. 


I Tilyannli, 

Delili, 


20 21 37 

( apt. Oli\c» , 


Nov. 


1 C'aUijlUi, 

Ht'iigal, 


22 33 10 

( apt. 1 , 




Suiveyor Gene- f 
lalN Otftce, ^ 

ditto, 


; 22 33 00 





Cliantlei ria^oie, 

ditto, 


22 50 on 



Dec. 

30 

Laii^to/al, 

Muiiecpooi , 


21 15 2S 

Lt. F^eiiibeiton 

1823 

I'cb. 

3 

Diioiilpoor, 

Agia, 


20 10 50 .5 

(.‘apt, (.leiaid, 




Arivi, 

ditto, 


1 27 10 20 

I 




22 

1 Nuwagauii, 

1 

i SciinJiaii^ 
( Mates, 

(f 

s 

1 

! 25 50 30 



ATarcb 

2 

1 Niiiwui I'oit, 
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As upwards of a year had elapsed since the preceding residt had 
been obtained, I thought it -svould be interesting to dctenninc again this 
clement, in order to judge what might be the amount, and what the direc- 
tion of th(^ annual variation if any — ^Table IV. contains tlie results of 
tliis scries of Observations, continued from the S.ld May to the t)th June. 
The Observations were made by the same person, with the same 2 )recau- 
tions, and using the same instrument as in the preceding year; and 
thend'orc we may, I tliink, receive with every conlidtmco the amount of 
the variation which for iiftcen months ap 2 )cars to be 17' (>" west, the 
detdinatiou itself being east, and amounting to ‘2° 41' Ki" for lh2B, and 
‘2° '21' K." for lti‘2f). If this rate should continue, we may soon expect the 
needle to ))oint due nortli at Oalcutta, after which, T supjiose, it will con- 
tinue to move westward. as to occasion a westerly declination. 


Obicrciiiions of i/ic Mo'xnrlic T>!‘rHna!ioii itHKh’. ai thii Observatory, Surveyor 
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II. 


ON A SPECIES OF 

A Q U I L A. Cl 11 C jE E T US. 

AND 


DICRURUS. 


Bv Mu. HODGSON. 


I. 

OijDKH Raplorcs. Family Falcoiiitl<t, Stirps Aquilina. Genus Aquila. 
Species new ! 

Tliis noble bird, though not, by any means, the first, is yet amousr 
the first, of the Eagle Race, being fully two feet eight inches long, and 
six and a half feet wide, with weight, strength, and vigor in proportion. 

Above or along the ridge, the bill is, so far as the cere extends, nearly 
straight, and alsf) slightly flattened or depressed ; beyond the cere, it is 
(still above) sloped into the hook, and also acutely rounded. The bill is 
rather longer than the head, with a wide gape cleft beyond the centre of 
the eye. 
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At the gape it has great breadth which rapidly diminishes towards 
the liook ; but still -the lateral compression is no vvhort; more than slight, 
so that the sides of the bill have throughout a considerable convexity. The 
inner margins of the bill are entire. The lower mandible is rounded 
beneath, and slightly and obliquely truncated at its tip. 

The cere is large. The fore angle of the eye is the focus of a set of 
hairs which thence diverge, chietly forwards, covering the cere as far as 
the nostrils exclusively. The rest of the cere is naked. 

There arc a few hairs under the lower mandible : none at the gape. 
The nostrils are placed very foiward in the cere. They are cleft trans- 
versely and near to the perpendicular : in shape, like the outer margin 
of the human ea’\ which form 1 suppose to be that styled lunation, by 
Zoologists. 

The eyes have a strong brow, from under the ^bade of which they 
glance terrifically. 

' The tarsi are short very strong, and feathered to the toes. The toes 
are of moderate length, unequal, stout, reticulated, witJi tAvo or three large 
scales at the roots of the talons. The talons are exceedingly strong, 
large, much hooked, moderately acute, Hat within, and unequal, the hind 
one, and internal fore one being much larger than the central fore one, and 
still more so than the external fore one. 

The wings arc long, reaching within three inches of the end of a tail 
that is upwards of a foot long. The great quills arc strongly cinargiuatcd 
within— fourth (luill longest. The tail is moderate, even, consisting of 
twelve nearly equal feathers. The feathers of the head and neck are 



OF AQUILA, 


1 .^) 


imirow and pointed ; and many other of the body feathers tend to a 
pointed form. 

T!u' colour is, siiperficialh/, of an uniform very pale brown with the 
greal feathers — such as the largest scapulars, the quills, and tail feathers 
— uniform dark purpurescent brown. Upon a closer view, however, it is 
found that tlie great feathers above noted, are paled nearly to white at 
their extremities, especially the upper extremities, and chiefly on their 
internal surface —that in some of the secondary quills the brown and white 
are mixed in the marble-fashion — and that in some again the dark color 
apjjears in the shape of regular cross bars, particularly on the inner webs 
of the feathers. 

The down at the roots of the feathers is every where white ; and the 
shafts of the feathers are white near their roots; elsewhere colored like 
the webs. 

The greater internal wing coverts arc pure white, and the tail coverts 
(especially the internal ones) nearly so. 

The toes are yellow — the talons black — the cere and gape yellow, 
with a slight greenish admixture — the bill blue-black, with its basal parts 
paler and blue — irides, browm. 

This species of Eagh' fnhabits that part of these mountains wdiich is 
equally removed from the vast Uiuidlayaon one hand, and the small hills, 
contining the plains of India, on the other. It is often seen in the great 
valley of NepiM, and the sole specimen I have been able to procure, was 
obtained there. Its manners are unknown to me. 
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I have no doubt that the bird above described belongs to the genus 
Aquila of Vigors (A pud Shaw’s Zoology, XIII. 2, 15.) and I suppo.se that 
the slight depression of the ridge of the up])er mandible of its bill towards 
the base is what that writer means by the “ beak somewhat angular 
above ’ of his generic character. But “ nostrils ronnded" of the same 
character much less accurately describes the nostrils of our bird, than the 
equally short and technical term “ lunated”- -to which, however, I have 
preferred the comparison to the external rim or oiilliiic of the human ear. 

Whilst 1 notice this deviation from the generic character as laid down 
by the work I have followed, I may add, that 1 conceive it to be unimpor- 
tant, and that the bird uinpiestionably belongs to the genus Aquila. The 
species is probably iieu'; since it is not to be found among the nine 
described in the vast and recent work already frequently alluded to. The 
dimensions and weight of our bird are as follow : 


Fert. l7ichc>. 


Tip of bill to lip of tail, 8 

Bill 0 

Tail I (q 

Leg, from liip to point of central claw, 1 2 

Tarsi, 0 4 

Central toe and claw (in straiglit line) 0 3| 

Hind claw 0 

A closed wing, I U 

Expanse of wings, ti 

Weight, 


7 lbs. 



m? rtnrflrPTrT 


n 


O RDEU Raptores* Family Falconidce., Stirps AnuilinftV OenW 
Circaectua? Species new? 

This compact, powerful, and well-proportioiwd 
siderably less than the true Eagle, jiKt described, is: 
akin iu size (as in other respect^’ to the aqnfl^ 


t^e aqr^ 8ti 

of the Falconidce, than to any othe^'stirps 




Having only the very slightest 

doubtful amid its- slightly-marked genus. 

But 1 shall endeavour to give so^^j^mte ^tpa ve 

no room for doubt in the minds of per^^^i^^re verttot with 
than myself. 

In Sha,w, voL VII. p. 157, pi. 22, 
cribed and figured. T£^£,bird now, beh 
bianco to that bird in the colors of itf 
its crest, and even in its general anid 
is vastly larger than the JBacha. and 
Xlllth vol. under the genus Cymindis, 
of which genus suit our bird, 1 nb.. 

Dacha, and not finding it any w|^|l^ in 
describe it as what is proba|%^new! Th^. bill 
scarcely cleft beyond the fore angle of thereyt, 
width at the gape. Qn^^teral compresston' is coi 
ridge of the bill is acutely rounded and the sides M it 
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convexjty. Beneath, it is obtusely rounded. Considerably, beyond the 
cere, the bill, above, is straight ; thence forward, regularly and gradually 
sl9ped into the curve of the hook — which latter is large and acutely 
pointed. The lower mandible is rounded beneath ; and obtusely point- 
ed or, I should rather say, obliquely truncated, at its tip. j The inner 
m^gins of the bill arp entire. The orbits and space between the eye 
and die bill are naked, save a partial covering of hal^h hairs, or 

e ^ 

bristles, " which diverging from the fore angle of the eye, tend chiefly for- 
wards^ partially clothing the sides of the cere and curling ij))wards above 
the top of it. " About the gape and lower mandible likewise are some scat- 
tei^ bi^MT^The sire obliquely cleft, open, and of an irregular 

dlW*sha|»e.''^'ip^ are'lo^g rather than moderate, and extend to 

less than three*^^heS of t^e end of the tail, which is rather more 
than afoot lon|^. ^ T h^ ^ve the fourth quill longest, but the fifth almost 
as long <piHs are slightly emarginated. 

, * ^ The tail is mod^Srite,Well rouJI^d, consisting of twelve feathers. The 
tai;^i are long, naKed, reticuldt^d, with the reticulation coarse. The toes 
re thkJ& and Jj^^y^oiL^y/nMi/ : the o.uter connected at the bas< 

't ^ i joint. The tdes are, besides, unequal 

iwe^ ,i|^|l^arly of equal length, the inner is stouter 
t&)!^.the^o)p^||i|wrahj dr evlta than tha central one The talons arc stout 
andb^ Ihi^i^^ot ||^lj|^able' length, curvature, and acuteness. Tlie 
diiad taton eiMramta tSfaifemBe are tl^e largest, and are of equal size. The 

do stout.^2^ey are: the inner fore claw, 
co^c^^ly? Ipnt^lfr, a»^ l^shprter. .iftm talons are flat within. The 
abOjUre 4dlWin|#on tdl^ies essentially, as it'-appears to me, with Shaw’s 
.geq^eric^ cha ^||| ^r of the Cjrcteetus, with the single exception of “ nostrils 

beinjg, raiJtei' at least, jff^gularly oval. 
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The back part of the head is furnished with a few feathers of similar 
texture with the others, but somewhat elongated, and forming a sort of 
pendant crest. The feathers upon the body beneath are long, and have 
long discomposed webs. Such also are the thigh feathers. The rest of 
the plumes have no peculiarity. Most of them have ample webs and 
broad terminations. The top of the head and nape, and crest are clothed 
with feathers, which are black from their tips nearly to their centres, 
white from their centres to their roots ; and as the crest, though usually 
pendant, is slightly erigible, when erected, a small portion of the white part 
of the feathers is revealed and shows like a crossbar of white on the crest. 
The rest of the plumes on the bird’s upper surface are of a dark pur- 
purcsccnt brown, which is darkest upon the lesser wing coverts, great 
scapulars, quills, and tail feathers. Most of the quills and tail feathers 
and upper tail coverts are tipped with white; an^ the little wing coverts 
are doubly dotted with white near their tips. Upofi the wings and 
tail is one broad distinct transverse bar, running entirely through them. 
Above this bar, there is another, parallel to it, on the great quills ; and 
something like this second bar may be also brokenly traced along the 
secondary quills, as well as on the tail feathers. These bars shew 
whitcy-brown upon the superior surface of the quills — pure white on their 
interior surface. Upon the tail feathers, the lower and decided bar shews 
equally and fully white on 6ol/i surfaces — ^but the upper and less distinct 
bar of the tail appears whitey-brown above, as is the case with the bars 
on the wings. Passing now down the inferior surface of the bird’s body 
we note, first of all, that the eye-lashes, and bristles covering the sides of 
the cere, are black : the throat, black-brown : the neck, same as above, 
but paler: the breast, belly, thighs, and tail-coverts, pale dirty brown- 
ish-yellow M'itb either occllations or bars, of pure white, edged with clear 
brown, disposed cross-wise down cither side of each feather: the lesser 
wing-coverts, the same, but u'ith a paler ground colour: the greater 
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coverts, regularly and equally crossed with white and black-brown 
throughout; irides, orange yellow: cere and orbits, and naked space 
between the eye and the bill, full dear yellow ; bill, leaden-blue, with a 
black hook : legs, obscure dirty yellow : habitat, same as the preceding. 

This species is said by the Nipalesc to feed on fish. I myself have 
seen it frequently perched on rocks and trees, overlooking streams that 
were full of fish. But J never saw it attempt to catch them. I have seen 
it seize pigeons, and one of my specimens had a small innocuous kind 
of snake taken out of his throat after he was killed. It ordinarily soars 
very high : and the male and female are almost constantly together. Tlie 
female differs from the male chiefly, in having a smaller crest and less full- 
bodied colours. Proportions, size, and weight as follow's : 


Feel. JiieJies. 


Tip of bill to ditto of tail 2 

Bin. 0 ]/; 

Toil, 1 0 

A closed wing, I C,^ 

Total leg (as before,) 0 11 

Tarsus, 0 4 

Central toe and talon, 0 2^ 

Weight 4 A I lbs. 
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III. 

OuDER luscssores. Tribe Dentirostres. Family Laniidae. Genus 

Dicrurus. 


Dicrurus cocrulescens ? 
Oi. leratus ? 

Di. Indicus ? 


^Shaw, 13. 137. 3. 9. 
jDo. 7. 291. &c. 


JhU rather longer than the head, very smooth, stout, nearly straight, 
at the gape broader considerably than high, base clothed with short 
(juasi-setaceous feathers and stout bristles, pointing forward and out- 
wards : both mandibles with their sides rounded and tips acute ; upper 
mandible somewhat sharpened above- or along the ridge ; its edges 
somewhat overlaying those of the lower one ; slightly dentated and hook- 
ed at the tip : lotver mandible, rather flattened beneath, slightly einargi- 
iiatc and recurved at the tip. Gape rather wide, and furnished with 
bristles. Nostrils round, lateral, basal, partially concealed by short 

a 

quasi-setaceous feathers. Legs rather short ; four toes, three before, dUo 
behind ; central toe and claw equal to tarsi ; outer fore toe not quite so 
far cleft as inner ; hind toe and claw stouter than central fore ones : 
claws very sharp and hooked. 


Whigs long and acuminated. Fourth quill longest ; first very insignifi- 
cant. Tongue flat, of moderate length, near the tip cartilaginous and jag- 
ged, tip forked. Tail very long and conspicuously forked ; consisting of 
ten feathers disposed in pairs, whereof the uppermost pair are shortest, 
and lowest longest by one and a half inch ; intermediate ones regularly 
graduated in length. 
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The full-ffrown male bird measures from tip of bill to tip of tail 
upwards of twelve inches, whereof the tail to its roots, is seven. The 
expanse of the wings is seventeen inches : when closed, and measured from 
shoulder-tip to point of longest quill, the length is nine inches. Bill to 
gape, is more than an inch long. The weight of tlie grown male is 
1 oz. 7 or 8 dr. The head and bill are somqwhat large, but not dis- 
proportionately so ; and these parts, as well as the tongue and legs, 
have an extremely corvine character. Except an oval spot of pure white 
on each side the gape, the plumage is entirely black, richly glossed with 
deep blue, which sometimes shews green, especially on the wdiigs and 
tail. The inner webs above, and whole inferior surfaces of the wings 
and tail are unglosscd—evcry where else the gloss prevails. The bill 
and legs are pure black ; the irides red brown. 

The female is nearly as large as the male. She diflers from him in 
not being so deeply coloured and glossed above; and, in having the 
upper and under tail coverts, the internal wing coverts, the sides of the 
body, the breast, abdomen, and vent, spotted and shaded with w hite. 

' The spots arc very distinct on the inner wing coverts : and the tail- 
coverts have their tips distinctly white ; but upon the body beneath the 
white is blended with the black, so as to form an iron-grey colour. 
The thighs of the female are immaculate black, like those of the male. 

The young birds for some time resemble the female in plumage and 
even after they are fully grown, the young males long continue to shew 
more or less of white on their plumes, especially on the tail coverts. 
A spot of white is often seen on their breasts, and often on the tips of the 
tail feathers. 
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From a careful examination of several of these birds — males and fe- 
males — young and old, I am led to suspect tliat the three species in Shaw, 
referred to above, arc only more or less accurate descriptions of one and 
the same species. The Laniidae of this work exhibit — according to 
Stei'hens’ new arrangement — a world of genera separated, 1 humbly think, 
with more cunning than wisdom. But be that as it may, I trust tliat the 
accurate details now furnished from ample observations, will enable the 
future Ornithologist at least to give an accurate and full account of the 
Indian JiJnkhang, and to determine whether Shaw's three species be really 
distinct or not. 

The bird is found very generally throughout the vast Bengal presi- 
dency, and also in the mountains confining it on the east and north. It 
is very common in the valley of Nipal is familiar with man ; and seems 
to love the neighbourhood of country houses. 

it is monogamous, and associates usually in pairs — but five or six are 
always found in the same vicinity. It is capable of a very rapid forward 
flight, and when exerting its speed makes a loud whirring noise with its 
wings. Commonly it makes short jerking parabolic flights from and to a 
bare tree, whereon it sits watching for insects and thence darts, as above 
described, to catch them on the wing. I have been told it will sometimes 
seize very small or young sickly birds — but never saw it do so : and its 
food undoubtedly consists, in the main, of insects, and chiefly of wdnged 
ones. It likewise feeds upon the vermin that harbour in the skins of 
sheep and oxen ; and is constantly seen attendant upon herds and flocks, 
perched upon an animal’s back, and searching the skin with its bill. 

It is very bold, frequently pursuing Crows and Kites, that come near 
its perch — and such is the rapidity of its flight that it can overtake the 
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Kite when he uses his best efl'orts to outfly it. When up with him it darts 
at his head continually from above — but never — so far as I have seen, 
actually strikes him. All birds seem afraid of it, and it of none. It is very 
vivacious, darting about all day, and all night too, when the moon shines. 
It seems to love davvn, twilight, and moonlight ; and at such limes especi* 
ally continually utters (one bird responsively to another) its agreeable 
Avhistling note of tw'o prolonged syllables, which the Hindoostanies fancy 
they can frame into lilinchuiig ; the Bengalees, into PhivgaJi —and by 
tho.se names accordingly, the bird is known to them respectively. Strange 
but true, its note is more pleasing than that of the vulgar Indian Bulbul! 

•It nidificates early in June, in the branches of trees, making its nest 
neatly of small grass roots, and laying usually" two or three eggs, w'hieh 
arc white, spotted with deep crimson, especially at the broad end. Both 
sexes tend the young, and most assiduously feed and defend them. 

There is another Shrike found in the Nipaulese Terai and moun- 
tains, and also in the great valley of Nipal, which bears a strong general 
—but not particular — resemblance to the one above described — but liaving 
already stated that the diagnostics of the modern genera of the 1/aniidfe, 
are to my eyes very indistinct, 1 shall not attempt to assign its genus — 
but briefly describe it by comparison wdth the foregone. 

It difl'ers in having the upper mandible of the bill laterally compress- 
ed, and also much more strongly dentated and hooked— in having the 
tail even at the end and the uppermost pair of feathers longest, the lowest 
pair, shortest ; and in having twelve, instead of ten feathers, in the tail — ^ 
and lastly, in liaving the shoulders of the wings united in a nearly straight 
line to the body from the second joint instead of descending in an acute 
angle towards the first joint. 
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To tlicsc diflercnccs I should add that the tarsi are rather longer and 
smoother than in the foregone. 

The plumage too isJ^rfSilly difterent, and is as follows. The top of 
the head, dorsal neck, upper part of the back, and scapulars (besides hav- 
ing looser and more elongated wt^bs than in the foregone) arc slaty hlue, 
A broad line of perfect black passes round the base of the upper mandi- 
ble through the eyes to the sides of the neck. The throat, cheeks below 
the eyes, and centre of the breast and belly, thighs, internal wing coverts, 
and inner margins of the quills, on their internal surface, white. 

The sides of breast and belly, and the lower part of the back, the 
upper and under tail cov( i ts, and outer margins of the lateral tail feathers 
near tlie body, are pale clear ferruginous — the wings and tail dusky, the 
j'ormcr with the outer margins of all the feathers, but the great quills 
longiludinallv striped with rutescent while, and the latter with all its 
feathers tipped with the same colour. 

This bird is also somewhat smaller than the other, measuring only 
in extreme length nijie and half inches, whereof the tail, to the roots, is 
fiv<; inches. The tail tliereforc is as long in proportion as in the fore- 
gone ; and it must be obvious from the above description of it that, when 
slightly expanded, it is wedge-shaped. The irides are dull brown: the 
legs and bill are black, as in the foregone ; and I need hardly add — 'hav- 
ing already asserted the general resemblance of the birds — that the bill, 
tongue, nostrils, legs, wings, and tail, are alike in form and proportions, 
saving the diftcrence specifically noted. 

This bird is much rarer and shyer than the other, and I have had no 
sufficient opportunities of observing its manners. 


11 
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The female of this species is rather less than the male. Her colours 
are all duller. She wants the black zone round tlie base of the upper 
mandible of the bill. Her breast and sides of her body are crossed with 
small crescents of a faint dusky hue : and the base of her bill is paled, 
nearly to fleshy white. In all other points she resembles her mate. 


Valley of Nepal, June, 1829. 
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GEOLOGY OF CENTRAL INDIA, 

EXCLUSIVE OF MALWA. 


By JAMES HARDIE, Esq. 

READ THE 8lh OF. APRIL, 1829. 

In the following Communications I have endeavoured to convey a general 
idea of the Geology of Central India, in the hope that, as opportunities 
occur, I shall be enabled to fill up the slight sketch now oflered, by mi- 
nuter descriptions of individual portions of this extensive tract of country. 

^somenclature adopted in this 2 ioper . — Before describing the rocks of 
this district, it will be as well, to prevent confusion, that I should explain 
the nomenclature which 1 have adopted.-'- A looseness in this respect has 
been an endless source of confusion in the science of Geology, many 
different names being applied to the same rock by different observers, and 
it is greatly to be wished that some specific plan should be had recourse 
to. As the case now stands, I shall simply endeavour to make myself 
understood. 
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I pro])osc including all the rocks which occur in this district under 
the following heads, viz : 

Granitic rocks, IMicaccous schist, Argillaceous, 

Gneiss, Chlorite ditto, Hornblende rocks, 

Quartz rocks, Talcosc ditto. Greenstone, 

Serpentine, Marble, and Porpliyry. 

Under the head granitic rocks shall be included those only which 
have not a slaty structure, and which arc composed of ttro or mor(> of the. 
following ingredients ; viz. (juartz, mica, felspar, cleavlandite, liornbleiide, 
and occasionally .«leati(e, lal<‘., and chlorite. Tlie only exception to ^'lis 
rule will be found in some varieties of rocks, in wliich liornbleiide pre- 
ponderates, and which sball be placed under the head “ hornblende 
rocks.” 

Slmlified, v>o\\ ns unsirnlijled, rocks, shall be included with the 
granites, as everyone who has visited this district must allow that distinct 
and well-marked granite does occur in strata ; and I am coinjielled to 
state this in opposition to the high authorities of MACcunLoeii and 
PiiiLLies. Mu. Pnii.nips allows (see Outlines of Geology, p. KM,) that 
granite is sometimes found disposed “ in beds which possess the ordinary 
characters of stratification, " and Du, Macculloch, in support of his 
opinion, (see Journal of Sciences and Arts) is obliged to account for 
the adduced instances of stratification in this rock, by declaring that 
“ they may all be referred to laminar concretionary structure on the 
large scale,” — or that the instances alluded to are “ portions of gneiss of 
which the structure so often becomes perfectly granilic," or lastly, that 
they arc “ veins of granite traversing the gneiss in directions parallel to 



GEOLOGY OF CENTRAL INDIA. 


29 


the strata.” I trust I shall be excused if, in describing gneiss which 
perfectly resembles granite, I shall include it with the granitic rocks. 
Their constituents are exactly the same, and the distinction does not 
appear to me very clear or obvious. In as far as this district is concerned, 
the Wernerian School, at the head of which deservedly stands Jameson, 
is certainly in the right, and the name and authority of this distinguished 
Geologist will excuse what might otherwise have been deemed presump- 
tion in me, in thus stating my opinion in opposition to the authorities 
before alluded to. 

There are a number of rocks in this district composed of two ingre- 
dients, generally ([uartz and felspar. These most frecpiently are found 
stratified - to class them witii the porphyries, therefore, might lead to con- 
fusion, and this latter term shall be applied to those only which are 7iol 
stralijied, and which have a distinct porphyritic structure. Indeed this 
rock, so understood, is of very rare occurrence in this portion of India.— 
Besides, the rocks under consideration do not resemble the porphyries, on 
the contrary, they agree in every respect with the granites ; and all things 
considered, 1 think it advisable to class them with the granitic rocks — such 
a elassilication is in exact accordance with Dr. Macculloch's detiuition 
of granite, which definition I have adopted; andl have only added to his 
list of constituents “ cleavlandite," which, according to Phillips, is of 
universal occurrence in rocks of this class. I cannot say that I am pos- 
sessed of any correct method of distinguishing cleavlandite from felspar. 
Indeed the only method I know is that of analysis — an analysis which, 
with my limited apparatus, I find it difficult to conduct — I have frequently, 
however, observed what I have been in the habit of considering as two 
distinct varieties of felspar in different granitic rocks, and 1 have no doubt 
but that one of these is the cleavlandite. 
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In describing the various individuals of this class, different adjuncts, 
illustrative of their composition, shall be used, and in this view of the 
case, the granitic rocks may be divided into the following varieties : 

First. — Granites composed of three ingredients. 

A. — Common Granite — composed of quartz, felspar, and mica. 

B. — Sienitic Granite — composed of quartz, felspar, and hornblende. 

c. — ’Talcose Granite — composed of quartz, felspar, and talc or steatite. 

D. — Chloritic Granite — in which chlorite replaces the mica. 

Second. — Composed of fowr or more ingredients. 

A. — Micaceous Sienitic Granite — Sienitic granite, with the addition 
of mica. 

B. — ^Talco Sienitic Granite — the same as the above, the mica being 
replaced by talc or steatite, &c. &c. &c. 

Third. — Granites composed of two ingredients. 

Under this head shall be included rocks, which might perhaps be 
classed with the compact and granular felspars. The term white stone, 
applied to the latter by Werner, is not well adapted for this rock, as it 
frequently occurs in this district. — Names derived from color, are always 
objectionable, and, as this rock is here found more frequently of a red- 
ish color than of any other, I prefer giving it the name of granite, more 
especially as some other ingredient is almost universally associated with 
the felspar, whether compact or granular, and these pass into, and are in- 
timately connected with, the granites— -when they occur pure, the circum- 
stance shall be mentioned. I do not feel myself called upon, or at all 
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qualified to give a particular name to this class of rocks, and in describ- 
ing them, I shall merely state their composition ; as for instance, “ a 
granitic rock composed principally of reddish colored felspar, with minute 
scales of mica interspersed through its substance”-— stating the relative 
proportions of the ingredients to each other, &c. &c. Several rocks com- 
posed of felspar and quartz, and which w'ere alluded to above, shall also 
be placed under this head, and these are either largo or small grained, &c. 
The term granitic 2>orphyry might, perhaps, be apjdied to the latter. 

Gneiss. — Gneiss, as it commonly occurs, requires no definition, and 

the only other varieties Avhich I have observed in this district are — First. 

•/ 

A gneiss in which the mica is replaced by hornblende, and to which 
I have applied the name of sicnific gniess : — and Second. A gniess in which 
the mica appears- to be replaced by chlorite. To this last, the term 
chlorilic gniess may be aj) plied. 

Quartz Rock. — I have, perhaps, placed a greater variety of rocks 
under this head than I ought to have done. The immense beds of quartz 
rock, however, which present themselves in this district, form a very 
striking feature in its Geology. From the pure white semi-transparent 
quartz, to the more slaty varieties, where it passes into micaceous and 
argillaceous schists, there is a regular gradation observed, and I cannot help 
thinking, that one general name ought to be applied to the whole series. 
It occurs either stratified or unstratified. The former, perhaps, where it 
passes into the argillaceous schists, ought to be named flinty slate. I 
prefer, however, retaining the name of quartz rock, as the other might 
lead us to confound it with a more recent formation, in which the flinty 
structure, as commonly understood, is a characteristic feature. When 
any individual of this class passes into any iiarticular rock, the circum- 
stance shall be mentioned, while the more compact varieties of argillaceous 
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schist shall be named silioeo-argillaceous schists. The term primi- 
tive sandstone, adopted by Dr. Maccui.loch, I have not made use of, 
from a similar objection to that stated above regarding the name, flinty 
slate. I shall simply describe the different varieties of (quartz rock as 
they occur, stating their color, structure, &c. — and under this head, I 
shall include all those apparently simple rocks, which arc principally 
composed of silica. Small proportions of other ingredients may be as- 
sociated with this, but the name quartz shall be retained as long as they 
\ircser\€^ Q.n apparently homo(renotis structure.- -Qnnri?. rock, as T have before 
stated, of almost every variety of structure, occurs in this district, asso- 
ciated with all kinds of rocks, such as micaceous and argillaceous schist, 
granite, &c. In all these it occurs pure, and is also seen passing into 
them, and acquiring different shades of color from intermixture. This 
circumstance alone presents a great objection to the division of the rocks 
of this district into submedial and inferior orders. 

Ilomstone, is a name applied by Captain Dangrrfield* to many of 
the quartz rocks of this district : — this name might lead us to coufound 
them with the hornstones of the trap formation, with which they have 
nothing in common. Besides, he has given this name to two rocks of 
very distinct and different series ; viz. to a rock associated with those of a 
decidedly old class, and to another, which overlies the sandstones and 


♦ Since writing the above, I have heard witli sincere regret, that this Scientific Officer is no 
more— and I cannot resist the opportunity of paying my humble tribute of admiration to his me- 
mory. We cannot be too grateful to him for the light he has thrown on the Geology of Central 
India, at a time, too, when Geological Science was loss understood and less cultivated than at the 
present day; and in this expression of my individual feelings I know I siiall ho joined by all who 
take the least interest in scientific pursuits. The rough copy of this paper was drawn out before 
the melancholy intelligence reached me, and 1 have not deemed it necessary to make any alteration 
in it, as to substitute the past for the present tense. In a climate like this, how short the space 
which separates life from the grave. 
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sandstone slates of the north of Malwa. The latter is universally asso- 
ciated with a breccia, contains iron ore in large quantities, and some- 
times assumes the appearance of a nearly pure or ferruginous quartz 
rock. Mr. Phillips, in describing primitive sandstone, which he classes 
with the “ inferior rocks, " says (p. 10», Outlines of (Jeology,) that “de- 
tached fragments of gneiss and clay slate occur in it," the clay slates are 
classed with the “ submediai rocks.’’ In this case, however, the clay slates 
must be of more ancient formation than the primitive sandstones, on which 
they arc found imbedded — Another strong objection to his classification. 

JMicAcr.ous, Talcose and Chluritic Schists. — These require no 
definition — they are found passing into, and alternating with each other, 
and into oilier rocks. 

Aroillai i:oiis Schist. — This name, adopted by Dr. Macculloch, 
fiom the French, appears to me apt and comprehensive, and liy it I 
mean to indicate all those rocks which are usually included under the 
heads “ clay slate " and “ grey wacke slate. " Many of the argillaceous 
schists of this district approach to the nature of grey wacke slate, as 
commonly described. The transition from the one to the other, however, 
is so gradual, that the more I have seen of these rocks, the more I have 
been convinced that one general name ought to be applied to the 
whole. The nature of each variety of argillaceous schist will, of course, 
be described, and dilferent adjuncts derived from their external charac- 
ters, &c., made use of; such as — micaceous, talcose, chloritic, silicco, 
argillaceous, wackaceous, friable, sectile, &c., and when they approach to, 
or pass into, any particular rock, this also will be mentioned. 

Horn iH-ENDE Rocks. — ^I'his muII include hornblende rock and horn- 
blende slate. Some of the varieties of hornblende rock might be 
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included with tlie granites composed of two ingredients, such an arrange- 
ment, however, would separate them from the pure hornblende rock as 
well as from the hornblende slates, with both of which they arc inti- 
mately connected, and would only lead to confusion. All rocks, there- 
fore, in which hornblende preponderates, shall be placed under this head. 

Greenstones. — Including greenstones and greenstone slates, or 
schists. Glider this head will be placed only those rocks which resemble 
the greenstones of the overlying trap formatiou, and which have a more 
homogeneous and earthy aspect than the hornblende rocks. The more- 
distinct varieties of greenstone slate only shall be included in this class — 
the more indistinct with the argillaceous schists— the phrase approaching 
to greenstone slate being prefixed. 

Serpentine.— This requires no definition. Mr. Piuelips states, that 
serpentine, which he classes with the snbniedial rocks, occurs also asso- 
ciated with gneiss and mica slate. 

Marule.— This will include primitive limestone and primitive dolomite 
— with, these ndca, and occasionally other ingredients, may be associated. 

Porphyry.— I have before stated that this name shall be applied only 
to the well-marked varieties of this rock which occur mstralijied. Indeed 
the porphyries of this district, may generally be classed with the granites, 
&c., in which case the term porphyritic shall be prefixed. 

In the above I have only availed myself of names already in use, 
and I have avoided, as much as possible, having recourse to those end- 
less distinctions, depending on minute shades of difference, which are 
more in the province of the Mineralogist than the Geologist. If I can 
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succeed in making myself understood, it is all I hope for. In describing 
the newer classes of rocks, I shall endeavour to follow the arrangement of 
CoMYiiEARE and Phillips, an arrangement distinguished at once by its 
simplicity and accuracy ; but, till the second part of their Geology of 
England appears, to which every Geologist must look forward as the fu- 
ture text-book of his studies, I must content myself with giving as 
minute a description of the rocks of this district as I can, so that any one 
who undertakes the task of drawing out a general Geology of India shall, 

I trust, be able, from these descriptions, to class and arrange the different 
rocks alluded to, after any system which he may chuse, and that the work 
which has been so ably begun by Mr. Calder, shall soon be finished. 

In the above arrangement I have included only the rocks of the 
district in w’bich I am placed, in as far us I have had an opportunity of 
examining them; but 1 by n6 means wish it to be understood from this 
that no other varieties of rock occur in the extensive tract under consi- 
deration. — Such an assertion, the opportunities I Inive had of examining 
it do not entitle me to make, and I shall reserve to myself the privilege 
of adding to the number w'hen occasion shall require. 

Probarle limits ov the primitive formation of Central India. 
— 1 shall now proceed to offer a few hints relative to limits of the great 
primitive formation under consideration. — I am sorry that most of my 
remarks on this head are merely conjectural ; I offer them, however, 
with the hope that they may prove useful to future observers, and that 
their correctness or incorrectness will soon be satisfactorily proved. 

This tract, then, includes within its limits the northern part of 
Guzerat, the greater part of tlic district of Bayur—i\\c districts of 
Semi — Mewar — Morwar — Ajmer — and Jaypur — with, probably, portions 
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of the contiguous districts. — The grerit central range of hills, anti hy 
collateral, or rather concentric ranges of Avluch the valley of Vrhii/pKr 
is surrounded, forms, as it were, the back-bonc of this portion of the 
country. To the north it passes through the Jj iner district, and extends 
south towards the ISarbudda, the line of continuity between it ami the 
primitive formations of Southern Hindostan, being interrupted by the 
great overlying trap formation which extends froin' tlie north of Mat mi, 
running across to the Coast south of liaroda, and whicli, from thence, may 
be traced skirting the ocean as far as Cape Comorin, being continued 
even into the Island of Crif/ov.- -To onr south and south-west, we have 
the diluvial formations of Gvzeral, which arc probably succeeded, in a 
northerly direction, by rocks of a decidedly new class. I have every 
reason to believe that a series of newer rocks occur to our west. 1 liave 
seen specimens from Kvlch, the banks of the Ihm aiid Jesselmrr,'^ of a 
decidedly recent formation. Salt Lakes are known to occur in tlie 
districts both oi Jessehner and Bikattcr to our N.W.; the rock salt 
of Lahore is well known, and this last mineral, wo are also informed, is 
of abundant occurrence in the Desert. Directly to our north too, we have 
every reason to conclude that a similar formation exists. The Sambhar 
Lake,, which lies betwixt .lywicr and ./nypMr, though, as I am informed, 
situated in a primitive district, is salt. Indeed, all this portion of India is 
supplied from the lake in (juestion with salt for common domestic pur- 
poses, and almost all the Avells in the north of Ajmer and Jui/pur are 
impregnated with muriate of soda.' -Now, the only conclusion which we 
can draw from this circumstance is, that a rock salt formation occurs some- 
where to the north of these districts, and at no great distance from them. 

* A compact brownish limestone from Jessehner, containing numerous but indistinct traces of 
organic remains, bas been Ubed extensively in the Commercial Litliographic Press of Calcutt.i, and it 
has been found, for all common purposes, a good substitute for the expensive European stones.-— 
The public are indebted to Lieutenant J. T. Boiljkau, of Engineers, for bringing this stone to 
notice.— S ec^ 
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The formation under consideration, I have traced east, through the 
Ajmer and Jaypur districts, as far as Bimui, where it is succeeded by 
the sandstones of the Bharatpur and Agra territories, opportunities liav- 
ing occurred to me of making observations on this large tract, both 
on the direct route frCm Nasirabad to Biana, and on the route from 
Udaypur to the same place, via Tank, the capital of Amir Khan. — ^The 
Bharatpur and Agra sandstones may, very probably, be connected with 
the formations whicli we have every reason to conclude occur to our north. 

The southern portion of this formation is bounded to the east, by 
the great overlying trap formation of Malwa, which terminates a short 
distance to the north of Nunaeh; and interposed between this overlying 
trap formation and the primitive strata, is a narrow belt of secondary 
rocks, which skirts tlie trap as far as it has yet been described. 

For the distance of about thirty-six miles north of the termination of 
the said trap, we have also secondary rocks, which are succeeded by pri- 
mitive strata. 

The boundaries of this primitive* formation in the directions of 
Maroutt, Sdgar and Bvndelkhand, I have not by me the means of ascer- 
taining.* 

With regard to the nartow belt of newer rocks above alluded to, 
I have little to add to the excellent account given of it by Captain 


^ I have only a confused recollection of Mr. Caldeh's paper on the Geology of India, derived 
from the Newspaper accouht, and the same remark may be made regarding the excellent papers 
of Captain Franklin, &c. read before the Society. Had 1 had these by me, I should have doubt- 
less been enabled to Hll up many of the blanks in this slight sketch. As it js, I am obliged to trust 
to my own knowledge, however limited, rather than run the risk of commixing mistakes by making 
use of such imperfect recollections. 

li 
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DANOiini’iEi.D in Malcolm's Centcal India. I have had but few opportu- 
nities of examining it ; besides, to enter into particulars would be out of 
place in my present communication, and I may, perhaps, hereafter recur 
to the subject. I cannot refrain, however, from giving the following few 
particulars, as they may serve as hints to any one who may hereafter 
examine this formntion. 

Proceeding from Udaypur to Nimacli directly east, we have a 
succession of primitive rocks till wc reach Nahum, a village about thirty- 
six miles west of the last-mentioned cantonment. At Nakum, and for 
a short distance to its east, we have still primitive rocks, but embedded 
in these we observe the first indications of an approaching newer form- 
ation. The hills at Nakum, which are craggy and precipitous, are 
composed of quart/ rock of a white color, traversed by numerous scams 
and cracks, but which is nearly pure, and is arranged in strata conform- 
able to the other primitive rocks of this district. In this quartz are 
small belts of a ferruginous variety of the same rock, of a dark yellow 
coloi*, Jind approaching to the nature of Jasper; and embedded in it, 

also in small quantity, is a (juartzose conglomerate, which is the first 

♦ 

indication we meet with in travelling east of a rock of this nature. — 
Alternating with the above, and in strata similarly arranged, is a rock 
composed of white quartz and red felspar, exhibiting a porphyritic struc- 
ture, the basis being of felspar — some of the specimens present a partially 
conglomerate appearance. The general structure of the rock, however, 
is granular porphyritic ; and in conformity with the arrangement which I 
have adopted, I must class it with the granitic rocks as a granitic porphyry. 


Proceeding to the east of this formation, we have the surface 
generally covered with soil and vegetation, and numerous low rounded 
arid conical hills are seen rising around us. The country, too, has a 
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waved appearance different from the perfectly level plains of Mewar, 
and the hills rise less abruptly. On reaching Bdri, thirteen miles west 
of N'lmach, these hills increase in number, ^and a low range traverses 
the line of march. We have now got among rocks of a newer formation, 
which form a portion of the narrow belt above alluded to.“ 

The lowest series of this belt consist of sandstones, sandstone slates, 
and a schist, wliich on one hand passes into sandstone slate, and on the 
other somewhat resembles the shales of the coal formation, and which pas- 
ses into an argillaceous marl slate — the sandstones are, generally speak- 
ing, quartzose, fine grained, with an argillaceous, or ferrugino-argilla- 
ceous cement. The characteristic color of these sandstones is variegated 
— some arc of a reddish color with white spots, and others are white or 
grey with leddish spots, while others again exhibit a zoned aspect. 
This rock is cither compact, or passes through every variety of structure 
till it becomes nearly soft and fri'able. It is sometimes too, though rarely 
so, large grained, approaching to conglomerate. 

The sandstone slates differ little from the above in point of color, 
but they have a distinct slaty structure, the slabs varying in thickness 
from two inches to quarter of an inch, and some of them may be. even 
split into lamina as thin as common paste-board. Both of the above 
rocks, but more particularly the sandstone slates, are traversed in very 
many instances by numerous seams, running at right angles to the strata, 
and dividing the mass into a number of square and rectangular por- 
tions. Mica is of very abundant occurrence on the sandstone slates, it 
is always of a grey color. 

The shales and argillaceous marl slates, into which the last passes, are 
also of a variegated color. At Bdii, they are of a greenish grey color. 
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sectile, with rather a greasy feel, fine grained, and containing minute 
scales of mica. They acquire a reddish ferruginous crust on exposure 
to the air. In other situations they are fawn-colored— in others whitish, 
or light bufi’, with streaks of a purplish color, — in others they approach 
to the nature of pipe-clay, with a distinct slaty structure — while in others 
they resemble a fine grained sandstone slate. In these wc also observe 
the seams, above described, which run at right angles to the strata. 

The above series of rocks occur, in strata, generally slightly inclined 
to theS. E. and E. Sometimes, also, the strata are almost horizontal, while 
at others they exhibit appearances of a curved or saddle-shaped stratifica- 
tion. The hills are all low, and are topped by a rock hereafter to be 
described. Organic remains appear to be of very rare occurrence in this 
formation, and I have only met with one specimen from the neighbour- 
hood of liari. It occurred in a soft shale, somewhat resembling the 
shales of the coal measures. The specimen in question appeared to me, 
to be the impression of a portion of a cryptogamous plant. This plant 
appeared originally to have been expanded in a fan-like form, with ribs 
of about quarter of an inch in breadth, radiating from a common centre, 
the interior or central part of these being occupied by three or four longi- 
tudinal tubes. The diameter of this plant, or fan-like portion of a plant, 
might have been about five and half inches. The impression appears to 
have been covered with a thin bituminous crust, portions of which still 
remain. Except this, I have met with no other appearance of organic 
remains. Captain Danc.erfield mentions the occurrence of impressions 
of ferns, in a fine-grained sandstone slate, at Jiran, and it is probable 
that the rock in which these occur is similar to the one just described. 

With regard to the age of the above formation, I am inclined to be- 
lieve with Captain Dangerpield, that it ought to be classed with the 
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new red sandstones, (the red marl or ground of the English Geologists.) 
To the character of variegated, the sandstones, &c. are undoubtedly 
entitled, and the red ferruginous appearance of the soil, M'hich is univer- 
sally observed, is also characteristic of the above formation. Indeed the 
whole appearance of the rocks composing this series, is in exact accord- 
ance with that of the new red sandstones as described in Europe. The 
great characteristic of this formation is, however, as far as I know, 
wanting — I allude to the rock salt and gypsum, which are almost univer- 
sally found associated with it. These certainly occur to our north, but 
a large primitive district intervenes, and the only indication which I have 
seen of salt is an efllorescence which occasionally appears at the surface, 
containing a large proportion of muriate of soda.* All things considered, 
however, T perfectly agree with Captain D. in classing these rocks 
with the new red sandstones, and I shall not be at all surprised, if future 
observations should discover them to be a continuation of the saliferous 
sandstone formation described by Captain Franklin, and that they may 
be traced through the Jiharalpur district, north towards Dehli, and may 
thus be connected with the rocks containing salt and gypsum, which 
must occur to the north of Ajmer, and be continued into Lahore, Multan, 
&c. south towards Kvtch, extending, perhaps, even into Persia, and 
forming a zone around the great and elevated primitive formation of 
Central India, and separating it from the primitive formations of the 
Himalaya mountains. Traces of a formation, similar tskthe one above 
described, I have also noticed on the route from Baroda to Udaypur. 

The very partial occurrence of organic remains on the above series 
of rocks, ought nOt to militate against the position I am endeavouring to 


* See alap Note to page 53. 
M 
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establish. These are very rare, and besides it is not impossible that the 
shales in which these occur, may belong to an older class similar in posi- 
tion to the rocks of the north of Germany, (seeCoxYBEAUE and Phillips, 
page 311,) which overly the coal measures. I have never seen any traces 
of them in the well-marked sandstones or sandstone slates. 

Excepting in iron, the above series does not appear rich in metalli- 
ferous substances, neither have I met with any variety of simple minerals 
in it. I have occasionally seen, however, specimens of a librous variety 
of quartz disposed in small veins, or rather laminie, interposed between 
the strata; and Captain D. mentions the occurrence of a “fat yellow 
clay,” embedded in the sandstones. 

The next rock which claims our attention in the above series, is the 
limestone on which this belt abounds, especially towards the north. 1 
have little to add to the description of its external appearance, mode of 
occurrence, &g. as given by Captain Dangeui ield ; and, if 1 shall have 
occasion to differ from him respecting the age of this rock, 1 shall do so 
Avith all humility, fully aware as I am of the ditiiculties attending this 
branch of my subject. It is not improbable that two distinct varieties 
of limestone may occur in this belt, the one belonging to the moimtaiii 
limestone formation, in which class Captain D. seems inclined to place 
all the calcareot^fi^ rocks of the portion of the district under consideration ; 
but the one which I am about to describe overlies the sandstones and 
sandstone slates, and I feel disposed to believe tliat it belongs to the 
lias formation. Perhaps, too, in addition to the above, there may be a 
formation of magnesian limestone of the English Geologists in the 
magnesia limestones described by Ciiptain D. On this point, however, 
T can give no information, as 1 have only met with one variety character- 
ised in every position, where I have had an opportunity of examining 
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it, by a similarity, or rather identity, of organic remains. As I said before, 
however, the opportunities which 1 have enjoyed of making observations 
on this belt, have been very limited. 

These limestones, then, occur distinctly stratified. They are of a 
close texture, and of a dull color, generally greenish blue or lead grey — ■ 
sometimes, too, they have a reddish tinge, — in other instances they are 
dirty white, while in one situation I have seen them of a brownish black 
color, and these latter emit a disagreeable smell on being rubbed. They 
tiever occur variegated, nor do they admit of a high polish, or of any depth 
of tint. On exposure, the surface accpiires a duller aspect, and becomes 
slightly argillaceous. They arc, generally speaking, compact, and many 
of them may be split into slabs of immense magnitude, varying in thick- 
ness from a few inches to a foot or a foot and a half. They form an 
excellent building stone, and ai'e characterised by their large conchoidai 
fracture which passes, in many instances, into conchoidai splintry. 
These limestones sometime, though rarely so, arc found larger 
grained. They occur in strata, generally slightly inclined in an east- 
erly or south-easterly direction. Exceptions to this rule may here 
and there be observed ; but it is my object in this merely to give a 
general description of their mode of occurrence, without descending to 
minute particulars. The strata are very frequently separated from each 
other by thin layers of a loose calcareo-argillaceous substance, and 
nothing like the caverns, which usually distinguish the mountain limestone 
formation, can be observed in the rocks of tliis belt. 

♦ 

The OiiGANie Remains of these limestones are numerous ; but I am 
sorry that my limited information on this subject will not enable me to 
give as satisfactory an account of these as 1 could wish. Though 
a miserable Draftsman, I have endeavoured to represent one or two 
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of the varieties, if possible, to render my descriptions more intel- 
ligible. 


No. 1 — May be considered as characteristic of this formation, and 
specimens, exhibiting the appearances attempted to be represented, are 
every where met with. On breaking a mass of this rock, we very gene- 
rally observe that the surface presents the remains of what might have 
been a succession of cylindrical-convex,— probably solid bodies, — one 
fragment exhibiting these on a sort of baso-relievo, while the other pre- 
sents corresponding hollows. These bodies taper to a point, and frequent- 
ly occur mijiutely ramified at both extremities — this, at least, I have ob- 
served in several instances. They are perfectly mineralised, arc of the 
same color as the mass, on which they appear generally as an incrust- 
ation. In one or two instances, however, 1 have observed the terminations 
of similar bodies on the mass itself, and in such cases thev had ol)vi- 
ously been arranged in bundles or fasciculi. In other instances, these 
cylindrical bodies appear to send off, anastomosing branches which 
unite them together. The latter may probably be a distinct variety. 
All of the above have a perfectly stony aspect, and I could discover on 
them nothing like a stellular structure, or any appearance of cells or 
pores. The length of these cylindrical bodies varies from about a foot 
to an inch or two inches — their breadth is also various, but they seldom 
occur broader than in the instance represented. 

In one or two instances I have also observed longish tapering canals 
in the masses of limestone, which had obviously t^en occupied by cylin- 
drical bodies. These, at the time of deposition of this rock, had either 
been detached from the bundles above alluded“to, or had previously 
existed in a separate state. The latter I think the most probable. Could 
any of the above have formed the solid axis of any of the varieties of the 
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lamellatedpolypifers? some of the detached specimens somewhat resemble 
tlie sty li form axis of the genus stylina. 

]\o. 2 — Is also exceedingly common in these limestones, and 1 
believe that at least two varieties of it may be traced, — probably, indeed, 
more. The one is a flattened, polymorphous, lobated, mass — some- 
times seen covering the rock, over a square surface of a foot, or a foot and 
a half, and even more. No. 2 is detached, generally of the size repre- 
sented, and it protrudes from the mass something in the form of a pear. 
It has a stalk like appendix. 

The above remains occur protruding into the calcareo-argillaccous 
substance described as separating the strata. In the solid rock, the 
traces of them, if perceived at all, are very indistinct, a circumstance 
probably owing to the delicacy of their original structure. The rounded 
and lobated masses, indeed, appear to terminate abruptly on the side 
towards the solid strata, and their whole aspect gives rise to the belief, 
that during the deposition of these strata, short intervals occurred, — that 
the remains at their surface were left partially exposed, and that the infe- 
rior positions of these were lost in the solid rock, while their superior 
were, by this arrangement, more slowly impregnated with calcareous 
matter, which enabled them, on the deposition of the supeijacent stratum, 
to retain something of their original foira, — and that, in consequence of 
the delicacy of their structure, almost all traces of organization were 
destroyed. The interior of these remains presents, in many instances, 
a pure white crystalline mass, exactly similar to the finer varieties of 
primitive marble, — in other instances they have a loose, inclining to 
chalky, structure, and they are generally covered with a brownish crust, 
the centre being either pure w'hite or dirty white, and rarely of the color 
of the limestone itself. 
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It is always exceedingly difficult to refer organic remains of this 
class to any particular genus. I am inclined to believe, however, that 
these form varieties of the alcyoniuin, and perhaps some of them ought 
to be classed with the sponges. In many of them 1 could trace appear- 
ances of a cortical, covering, and in one or two instances, especially in those 
which occur detached, I think 1 could discover something like a con- 
centric laminar structure. This appearance is only observed at their sur- 
face, and might have been occasioned by the original animal having had 
a cortical covering — nothing like ^fibres could be perceived ; — the above cir- 
cumstance, however, inclines me to include them in the class alcyoniuin 

No. 3 — Is occasionally met with, but is not so common as either of 
the two preceding. The accompanying sketch will give a pretty cor- 
rect idea of the remains of this kind, both as to their size, form, and 
mode of occurrence in the limestone. They occur, then, in the solid 
rock, — are perfectly mineralised, and are of the same color as the 
limestone. In specimens where this limestone has a structure in- 
clining to granular, the remains of’ this kind exhibit a closer 
and more compact texture than the surrounding matrix. They ap- 
pear to have formed the ribs of some animal, probably of aqua- 
tic origin. The vertebral extremity is flattened about seven-eighths of an 
inch in breadth, and the whole is slightly curved, and tapers to a point. 
The pointed sternal extremity does not seem to exhibit an articulating 
surface. It is thicker than the vertebral extremity, and a sharp spine 
runs from the point of about two inches in length, from which spine the 
bone had eloped on either side. 

The only other organic remain which I have observed, is a shell ; but 
in so imperfect a state, that 1 cannot decidedly say under what genus it 
ought to be included. It had obviously been a bivalved shell ; but little 
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except the margin of one of the valves remains, and I can only state the 
following particulars ; viz. that it belonged to an apparently nearly equi- 
lateral bivalve of a roundish form, about three inches and a half in width. 
That this bivalve was convex, inclining to flat, and that it was longitudi- 
nally rayed, the rays being convex, broadish, and striated longitudinally. 
The hinge portion of this shell was wanting. It appears to have had 
considerable thickness and strength, and in all probability belonged to a 
variety of Peclen. The number of rays could not be correctly ascertained : 
their breadth was about two-eighths of an inch. 

The above is all the information which I can give relatiy;p to the 
organic remains of these limestones, as I have, as yet, met with" none 
other, except, indeed, tlm impression of what every one who saw it, be- 
lieved to have been that of a small flattish fish. It was about three inches 
in length, and its broadest portion was about one inch and a half. Though 
the resemblance w'as certainly striking, so many characteristics were want- 
ing, that 1 mention it merely in this hurried way. I was rather myself in- 
clined to consider it as the impression of one of those polymorphous bodies 
before described, and which assume a great variety of shapes and forms. 

The above limestones do not appear to contain any. metallic veins, 
or, indeed, many mineral veins of any kind. I have met with veins' of 
calcareous spar in some of them, more especially in the brownish black 
variety before alluded to, but even this is rare. The general structure of 
the rock is that of a uniform Jim grained argillaceous limestone, the sur- 
face of which, in many instances, exhibits a dendrilical appearance, and the 
quarries of this rock have, in the distance, a zoned aspect. 


The absence of metalliferous and mineral veins, &c. and of the 
caverns and fissures which generally characterize the mountain limestone, 
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would appear to distinguish the rock in question from the rocks of that 
formation, and all things considered, I feel inclined to believe that it is 
a lias^ — or, at least a formation nearly allied to the lias. Its position 
leads me to draw this conclusion, and there is nothing either in its 
structure, mode of occurrence, or organic remains, to militate against sucli a 
supposition. The Pecten is a shell of the lias, though certainly not a 
characteristic one. 

The formation I have just described never rises into hills, but is some- 
times seen occupying gentle elevations : the surface of the country 
where it^^occurs having a waved aspect. At Cheelorc, the strata of this 
rock are much disturbed, and in other situations I have seen similar 
appearances. 

We shall now proceed to describe very briefly another rock which 
occurs in the belt under consideration ; viz. tJic quarlzosc breccia, before 
alluded to, and to which Captain Dangebfieli* has applied the name of 
hornstone. This belt exhibits numerous low rounded hills, hill groups 
and ranges, — some of the last of considerable extent, more especially the 
one which forms the boundary of Mcyicar and Harowtee. These hills 
do not rise higher than three hundred feet above the level of the plain, 
and the majority of them average below this height. Their upper por- 
tion is formed of this quartzose breccia, which rests immediately on the 
sandstones, sandstone slates, &c., which rocks form the base, and very 
generally the central regions of these hills and hill ranges. This brec- 
cia I have never seen in low situations, or resting on the limestones. 
The shape of the hills is sometimes conical. This is particularly the 
case with detached hills and groups, but the ranges generally exhibit an 
even and uniform appearance, and the summit is occupied by a table land, 
or a gently waved plain. Some of the detached hills also present this 
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shape, an excellent example of which we have at C^lor, the ancient 
capital of this country, which is situated on an isolated hill near the 
boundary range before alluded to. 

The slightly waved plain, occupying the summit of the hill on which 
this ancient city stands, or rather stood, for it is now in a complete state 
of ruin, is said to be about fourteen miles in circumference. Its length 
is six miles from N. to S. ; its breadth varies from quarter to half a mile. 

This breccia passes into a variety of quartz roek, sometimes nearly 
white, more generally ferruginous, and in this case it is of a reddish 
color; it also occurs of a bluish green* color. The purer varieties are 
distinctly stratiUed, and some even approach to slaty. The strata are 
sometimes almost horizontal,, in other situations they ate waved or 
saddle-shaped. 

A 

The rock in queshon sometimes assumes a very be.a.utiful aspi^. 
On a hill to the north of Nimach, 1 have seen it with a base of the ofi- 
turc of agate-jasper, containing small rounded portions of quartz, and 
exhibiting minute drusy cavities, liond with quartz crystals : the whole 
being capable of receiving a high polish. At JB^i it pleura both ih 
the form of a nearly pure quartz rock« horizontally stratified, and of an 
unstratified breccia, compand of angular .portions of pure v White||ittMrtz, 
and a red soinewhat agatosp variety of the same. This rock alaO '^mmms 
exhibiting somethingipf .the appearance of the millstone grits. • 

d 

A very characteristic feature of the hills and hill ranges of this form- 
ation, the conical hills of course . excfifited:, is in many instan- 

ces perfectly peif^^mdimileirjyurag, which sumhiils^vpresents. The 
bases of these bills, &c. are formed, as before stated, df the sandstones 


o 
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and sandstone slates ; and as high as these rocks occur the slope, though 
abrupt, is uniform. Immediately resting on these is the breccia which 
presents the perpcndictilar crag, just alluded to, and which rises from the 
slope as in the sketch beneath, — the summit being occupied by a table 
land of considerable breadth, which gives rise to the even and uniform 
aspect which tlie summit of these hills present. 


This is particularly the case throughout the whole extent of the 
boundary range betwixt Mhoar and HardoH, and the hill of CUHor 
affords a noble example of this kind of structure. It is surrounded 
on all sides by high perpendicular crags, forming a natural forti- 
fication, which, till it was taken by Akber, gained it the name of 
impregnable, T— a name which the natives of this country still fondly 
apply to it. The rock forming the summit of this hill and of the 
boundary range, is distinctly stratified, the strata being waved or 
saddle-shaped, — the elevated plain on which Oiiitor stands, exhibit- 
ing several sniooth round swells, with corresponding hollows between, 
and the strata appearing to dip in a directly contrary direction on ascend- 
ing. frflfn tlie east to what they do on ascending from the west. From the 
summit of this hill, we could observe a aimilar plain occupying a corres- 
ponding position on the boundary range. The diagram below will give 

tk 

some idea of the way in which the strata are arranged at Chitor. 
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The boundary range runs iu a direction nearly north and Bouth 
as far as Ckifor, where it takes a turn to the east, and in inarching 
from tlie last place towards J^i'nnach, the route running parallel to- — and 
at no great distance from — the base of the hills, the line of demarkation 
betwixt the two varieties of rock forming tliem could be distinctly traced, 
and it appeared to me that the superior strata had accommodated them- 
selves to the form of a previously existing range, tilling up all irregulari- 
ties, and presenting at their summits, the even line before described. 
The base and lower portions of the hills arc covered with vegetation, 
owing to the softer and less durable nature of the sandstones, &c. forming 
them ; and the crags rising abruptly above this jungle, appear like huge 
icallx raised artiJiciaUy, presenting ta the view the bare rock, apparently 
arranged in horizontal strata, but which, in fact, presents the waved 
aspect just described. The rocks so situated, us far as I have had 
opi)ortunitics of examining them, are ferruginous quartz, or a siliceo- 
ferruginoiis grit, containing occasional beds of breccia. Many varieties 
of the series of rocks which I have named quartzose breccia, may probably 
be found in this range. 

The rocks of the formation thus briefly described are characterized 
by the large quantities of iron ore contained in them. This ore occurs 
in small beds, veins, and in the form of embedded nodukir concretions. 
These latter sometimes exhibit a jaspery aspect — Botroidal red hoema- 
tite, common hoematite, red iron ochre, and sometimes magnetic iron 
ore — are met with, and the whole surface of the crag frequently assumes 
an iron-shot appearance. Iron also occurs in minute grains, disseminated 
through the mass. This rock, either in its purer or brecciated form, 
never occurs loose or friabtUb The cementing medium of the brecciated 
variety is generally silicco-ferroginous, and some of the specimens greatly 
resemble the coarse old red sandstones. I have met with no organic 
remains in this formation. 
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I was at one time persuaded tliat the above rocks were of analogous 
formation with tlie iron sand of the English Geologists — though in their 
structure, and in many of their characters, they do not resemble the rocks 
of this formation, still these characters might have been modified by 
many and various causes. Their position gives some color to such a 
supposition, and a breccia, somewhat similar to the one desra ibed, is 
mentioned as associated with the iron sand. On this point, how'ever, 
I prefer saying nothing more. I am anxious to give as impartial an 

account of the rocks as they occur, as I possibly can ; and it is ditlicult, 

* 

when once we have adopted an opinion, to void trying to trace analogies 
which exist more in our own imaginations than in reality — not that I 
believe that any individual would willingly deceive in nmttcrs of this 
kind, but the fact is we arc deceived ourselves. It is thus that science 
degenerates into a system of vague hypothesis. 

The plains of this portion of the country are strewed with numerous 
rolled masses of the above rock, and from the isolated position which it 
occupies, viz. only on the summits of the hills, we may conclude that it 
has been much affecled hy those great denuding causes wJiich have operated 
with such amazing force over the w'hole surface of the globe. How lar 
this formation extends into llardoii I know not — Ci^ptain Dangkr- 
Fi ELD in his map, lays down this district as a formation of ^‘hornstbne 
and porphyry.” — But whether this hornstone be the same rock as the 
tpiartzosc breccia or not, I have had no opportunity of ascertaining. 
As 1 before stated, he has applied the name to two rocks of very distinct 
series. Large blocks of this quartzose breccia are constantly observed 
at the base of the hills arranged in large globular heaps. These are 
detached from the crags generally during the. rains. The reason of this 
is obvious. The water having penetrated into the rents and Assures of 
the rock, is exposed to the heat of a nearly vertical sun, which usually 
bursts out after the first fall of rain — the expansion thereby occasioned 
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is great, and the 1)locks in question arc detached, while the same cause 
accelerates the deooinpositioti of the softer and more frial^le strata — thus 
atfording a thick soil which is rich and fertile, and in many situations 
covered with jungle. 

Regarding the rocks of this narrow belt I have only further to add, 
that the strata, in the neighbourhood of the primitive formations, are more 

n 

iin/ined than in other situations. This remark holds good in the case of 
all the rocks of this belt. The wells arc seldom deep, water being gene- 
rally obtained near the surface. This circumstance is owing to the 
numerous artiticial lakes and tanks which have been formed in this dis- 
trict and it is seldom nece.ssary to penetrate the strata beyond the 
level of these lakes, and xievcr beyond the level of the nullahs and 
streams. I may also mention that, in addition to the fact of springs 
of water issuing from the strata of the low boundary range, &e. as stated 
by Captain ]) \^(;Eln■^,l.n, that there is a spring at Gangra, twelve 
miles N. W. of Chitor, which issues from the sandstone slates near the 
base of the group of hills Avhicli are there observed. This spring is 
sensihh/ hot.. AVhen I visited it— it was during the cold season, and we had 
ice daily in our shorais. The thermometer in the morning standing 
below 40", and during the hottest period of the day, never rising beyond 
47“ ; but when plunged into this w'ater it rose to B0“. It issues from the 
rock at the surface, and the fountain is looked upon as sacred by the 

}iative3. It has no sensible taste, and appears to hold little foreign 
matter dissolved.* 

* A bottleful of this water, afterwards subjected to the following tests, gave the results as 
below. Nitrate o( silver throws down a dark precipitate. A paper, dipped in a solution of lead, and 
plunged in this water, acquires a dark color ; and a solution of acetate of lead, also throws down a 
dark precipitate. Tincture of galls has no apparent effect, neither has the addition of a large 
quantity of alcohol. A quantity of the water was boiled, the contact of atmospheric air being 
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My observations on this belt are confined to its most northern por- 
tion, and tliey ni^uy serve as a supplement to Captain Dangerfield’s 
account, to which I beg leave to refer for further particulars. 

But it is now time that we should return to the consideration of the 

primitive strata, and I shall premise my remarks on this head by a 

general description of the external features of the country. The southern 

portion, then, of the tract under consideration, is mountainous, and 

consists of numerous groups and collateral ranges of hills, stmlded 

closely together, and separated from each other by narrow ravines and 

deep valleys. These hills do not rise to any great height, seldom to 

more than five hundred feet above the level of the })lains ; — they run 

generally in a northerly and southerly direction, and instances occur 

where individual hills attain the height of twelve hundred feet. Tn 

% 

many situations, too, the countr)^^ presents a mammillary aspect — an 
aspect frequently observed to characterise the lower granite tracts in 
other parts of the world. In this southern portion are included the 
northern parts of Guzerat—ihe district of Boyar — portions of Rath, 


excluded, and to two separate portions of this, the sulphuric and nitric acids, were severally added, 
no precipitate or cloudiness was observed even on the addition of a large proportion of alcohol to 
the portion containing sulphuric acid. From this it would appear that no h^drom^pkuret of lime is 
present, wdiich is usually the case in hepatic waters. A sediment, in minute quantity, of a tight 
color, and which effervesced with acids, remained after the boiling. This was carbonate of lime. The 
water boiled and freed from its gases, gave a white precipitate, on the addition of sulphate of silver. 
From the above it follows, that sulphurated hydrogen, carbonate of lime, and muriatic salts, were 
present. This water emits the peculiar odour of sulphurated hydrogen, though faintly so when it 
is perfectly fresh, and the ingrodiente present appear to cxiot in mintitc pro|iortioTis , the exact propor- 
tion I liad not the means of ascertaining, as the bottle containing the water was, accidentally, broken 
after the above experiments were concluded. The muriatic salt indicated by the test, is probably 
muriate of soda. At least a very small quantity of the water which remained in the broken bottle 
gave, on evaporation, a minute portion of a white substance, having the taste of common sea salt. 
The quantity was too small to be examined. 
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predatory tribes of JihHst Minahs, Grasias, and KuUs. It presents 
a wild and bleak appearance, and exhibits, on a small scale, all the 
bold and striking features of an Alpine country. It is traversed by nu- 
merous deep and rugged ravines aiid ghauts, on the brinks of which are 
frecpicntly seen the villages and huts of the rude people by which it is 
inhabited. As we proceed north, the country becomes more open — the 
valleys more extensive, and a narrow belt, exhibiting a mammillary aspect, 
is very generally interposed between the large and level plains of the 
north of Miwar, of the Ajmer district, &c. and the more mountainous 
tract just described. The same mammillary belt also runs parallel to the 
great central range of hills so often alluded to, as far as Kankaraoli, 
thirty-six miles north of Udayapur, while to the east of this belt we 
have the usual level plains of the north of Mewar. The hilly tract just 
described may be considered as a continuation of the great central range 
which may be supposed to divide itself, a little to the north of Udayapur, 
into a num])er of collateral and concentric ranges, so that it is difficult to 
say which ought to be considered the parent range — and which not. 

Suppose a line drawn west from the cantonment of Nimach to the 
northern extremity of the valley of Udayapur, it will give us a sufficiently 
correct boundary for general purposes, betwixt the northern and southern 
portions of this district to the east of the great central range. The northern 
portion is characterised by plains of large extent, which are perfectly 
level, and from the surface of which are seen, here and there rising 
abruptly, hills and small hill ranges and groups. In the neighbourhood of 
the mountainous district to the south, these hills and ranges are numer- 
ous, and they gradually decrease in number as we proceed north, till, on 
reaching the Ajmer district, we frequently find ourselves on a perfect- 
ly level plain, bounded by the horizon on all sides, and at the surface of 
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which the vertical strata are very "(uicrally observed. Still, however, 
detachc<l groups and hills here and there present themselves. North of 
Nastrabad, these plains are bounded by the great central range, which 
here takes a turn to the N. K. — East of Nasinihad, and proceeding from 
that cantonment through Jai/pur tovvatds Duma, wc have still the usual 
level plains with their detached hills an<l groups. These latter, in many 
instances, appear to form detaehe<l portions of two hill ranges, which we 
meet with about half-way betwixt NnsUahnd and Biana, an<l which 
run parallel to, and at no great distance from each other. I'Veipient 
secondary ranges pass oft' from them, generally in pairs, running 
parallel to each other, and nearly at right angles to the parent ranges. 
These parallel ranges are separated from each other by perfectly level 
plains, M'ilh the usual (h'tached hills, which are, in this district, generally 
topped by a fort or a strong-hold, and which rise uhrnpHy from the surface, 
often exhibiting an almost perpendicular crag. South of the most south- 
ern of the two ranges above alluded to, we have also plains of large extent, 
the route in this direction running through the south of Ajmr and Jaypur 
and crossing the fertile jageer of Amir Khan near Tonk. This portion 
is also characterised by hill groupes and detached ranges, some of consi- 
derable extent. The height of these detached groupes, hill rajiges, &c. is 
very inconsiderable ; but the plains themselves arc situated high above the 
level of the sea, as may be seen from the measurements made by Captain 
Dangehfieli) ; and there appears to be a gradual slope as we proceed east 
towards Bhuratpur. The hills composing the central range, rise higher, 
and their altitude appears to become more considerable as we proceed 
north, — none, however, I believe, rise higher than twelve hundred feet 
above the level of the plains; very few, indeed, so high, and their 
general average may be estimated at between six and eight hundred 
feet. 
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The northern portion of this great tract is very fertile, and is abun- 
dantly supplied by M'ater from numerous large lakes, tanks, rivers, and 
wells. The deep valleys of the southern portion are also fertile, but many 
of them arc inditferently supplied with water. The splendid Dhdbar lake, 
however, and several others of smaller size and less note, are situated 
in this portion of the country, and the. great fertility of the valley of 
L’dayapur, situated on the northern extremity of this southern portion, I 
alluded to in my last. The country surrounding Nasirabad forms a strik- 
ing exception to the above rule. — Here the rock almost universally appears 
at the surface, and where any soil exists it seldom exceeds a few inches in 
depth. 

In spite of all these natural advantages, large tracts of land are left 
in a perfect state of jungle, and the contrast aftbrded us on entering the 
highly cultivated provinces of the British Government, is truly striking. 
The above circumstance may, in a great measure, be attributed to want of 
confidence on the’ part of the Ryots, owing to the insecurity of property, 
w hich is but too often the result of Native rule. Besides, this part of In- 
dia has not yet recoA’cred from the effects of war and famine, which, not 
matiy years ago, rendered it almost uninhabited ; and I believe that even 
now, the produce exceeds the demand. 

Of the country to the west of the great central range I know little, 
as I have had no opportunities of examining it personally. We have 
every reason to believe, however, that the central range forms the highest 
portion of the district under consideration, with the exception, perhaps, of 
the immediate neighbourhood of Ahuy — and that the country to the w'est 
of it slopes gradually towards the Indus, he. How far w^eat the primitive 
strata occur 1 know not, but that these are succeeded by secondary rocks 
I have before stated my belief, and 1 have in my possession specimens 

u 
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from Serooee, which belong to the primitive class. I believe that the 
southern portion of this western tract is characterised by its broken and 
mountainous aspect, and that some of its hills rise to a very considerable 
altitude. Tn this part of the country is situated tlie mountain of Ahi, so 
famous in Hindoo Mythology, which, according to Colonel Tonu, rises 
5,000 feet above the sea ; and from the district of Sirohi passes off to the 
west a range of hills, 1 believe also of primitive formation. Sirohi itself, 
especially towards the north, is described as exceedingly fertile, and capa- 
ble of being highly cultivated. It is succeeded in a northerly direction by 
the country of Marwar, which is described as lying comparatively low. 
This last is bounded by the sterile districts of liihaucr and Jessehmr, 
which are situated on the confines of the sandy desert— the sands of 
which make yearly encroachments on the country to the west of the 
central range — the said range presenting an impassible barrier to their 
further progress east. 

In concluding this branch of my subject, I may remark tliat those 
who are in the habit of travelling much in India, are constantly struck 
with the very different aspect which the same country presents at differ- 
ent seasons of the year, and hence very opposite, and even contradictory, 
accounts of particular districts may be given by travellers, and all of 
these may be correct. The increase of vegetation during the rains is 
a principal cause of this alteration, and it is astonishing sometimes to 
observe the effects of light and shadow in modifying the external features 
of the country. During the season of the hot winds, when the sky is 
clear and cloudless, and the sun is reflected with fearful intensity from 
•the bare and barren rocks, nothing but ideas of desolation are excited 
in the mind, but after the first fall of rain the scene changes as if by 
enchantment — the wilder and bleaker features of the country are softened 
down, the desert seems at once to teem with life and vegetation — while 
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the clouds and mists gathering on the mountains here, exhibit them 
of a dark and sombre hue, and there, spots of green may be observed 
glittering in all the brightness of reflected sunshine. These causes not- 
only modify the external appearance of the country, but even the sitape 
of the mountains seems to undergo a change. 

With regard to the Rocks of this District, they are all probably 
based on granite. — Of this, however, 1 can offer no proof, except such as 
are derived from analogy, and many of the granites appear so intimately 
connected with the other rocks, that it is impossible priimh. facie, to say 
whieh ought to be considered the eldest and which not— a gradual 
passage of the granites into rocks, resembling the greenstones of the 
trap formation may, in many situations, be observed in this district. 
Dr. Mi'Cf'iJLLoc'ii • has described similar appearances in Scotland, and 
has drawn from tlie circii instance conclusions, the correctness of w'hich 
1 cannot take upon myself cither to contradict or support. I may be 
jiermitted, however, to remark, that conclusions drawn from the external 
characters of rocks, appear to me liable to considerable objections. 
These may be modified by many circumstances. Neither can I believe 
that the circumstance of one rock occurring stratified and another unstra- 
tilled, justifies us in concluding that these two rocks have owed their 
formation to different causes. In this district we often observe a rock 
in one situation stratified, and at a little distance from it another of an 
exactly similar nature, in other respects, unstratified. An instance of 
this kind I have particularly remarked at Phulana, about twelve miles 
north of Merta, where there occurs a series of alternations of a close 
grained grey granite, with hornblende rock approaching to primitive 
greenstone. — Some of the alternating beds appear distinctly stratified, 
while others resemble as unstratified mass, of a prismatic form, inter- 
posed among the other strata. It is impossible to distinguish which is 
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which, betwixt two hand specimens from the different beds, and the above 
difference is observed over a square surface of several yards. It would 
be diflicult indeed to believe the two different causes had operated in 
forming these different beds of rook. 

That granite does occur oftener in an unstratified than a stratified 
form I am free to confess. This is particularly the case in the well- 
marked varieties. It also exists in loiig-regular-prismatic beds — inter- 
posed among other stratified rocks, and alternating with them. These 
beds are certainly not subdivided into strata, but may not this have been 
owing to a particular arrangement of the constituent parts, and does not 
the circumstance of their alternating with otlier strata, and the regular 
prismatic form of the beds, indicate a stratiform structure, or at least some- 
thing very unalogotis to it. 1 stated in a former paper, that J considered 
the granite which forms the small bills protruding through the deluvium 
of Gnzerat at Pandua, to the north of Balasinore, as belonging to a very 
old variety, and the out-croppings of a similar formation may, very pro- 
bably, be discovered in many of the granites of this district. The lab^ose 
and chloritic granites, which form the protogiue of Jurine, the last men- 
tioned Geologist considers very antique varieties. Tliese occasionally 
make their appearance here; but, without speculating farther on this very 
difficult subject, I shall proceed to enumerate very briefly the diflerent 
rocks which occur in the southern portion of the district under consi- 
deration. 

I have, on a former occasion, given a section of Ihe strata on the 
route from Baroda to Udayapvr, and this, in addition to Captain Dan- 
GERriELD’s account, and the section of Captain Stewart, in the Bombay 
Literary Transactions, renders it unnecessary jfor me to say much on 
this branch of my subject. 
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The rocks, then, which principally occur are chloritic and argillaceous 
schists, —greenstone, — greenstone schists, — quartz rock, — and more rarely, 
though still in considerable abundance, micaceous schist, granitic 
rocks, — gneiss, — with occasional beds of serpentine and marble. These 
rocks pass into each otlier by insensible degrees, so that it is often 
difficult to say to which class particular specimens ought to belong. On 
a general view of the subject I may state, that the argillaceous rocks 
are more abundant on the southern than in the northern portion of the 
tract under consideration, while in the latter the granitic rocks, w'ith 
their accompanying gneisses, micaceous schists, and hornblende rocks, 
greatly preponderate, — quartz rock being very abundant throughout the 
whole of Central India. In the neighbourhood of the Dhdbar lake, 
granitic rocks, Avith gneiss, hornblende rocks, &c. are discovered, and a 
similar formation, but of no great breadth, may be traced from this, running 
on a northerly and southerly, or south-easterly direction, through a consi- 
derable extent of country, the line of continuity being interrupted by 
the occasional occurrence of rocks of a different nature. This formation 
may very probably be a continuation of the granitic rocks which occur 
at Warty in Guzerat, as described by Captain Stewart. 

The granites have a structure generally intermediate betwixt large 
and small grained. Their characteristic color is red, but they sometimes 
occur small grained and of a grey color— the color in the red varieties 
depending on the felspar which usually exhibits a foliated fracture, and 
which is, generally speaking, .the most abundant ingredient. It is 
sometimes associated with quartz alone, and this variety is generally 
large grained, the quartz being white and semi-transparent. Passing 
into the last the common granite is found, and the mica in this varies 
from nearly black, through olive green, to silver white. I have never met 
with it in this portion of the country in large plates. To this last, again, 
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hornblencle is frequently superadded, and this eitlier replaces the mica, or 
occurs associated with it in the same mass. Besides the above, talcose and 
chloritic granites also occur, — and these have occasionally scales of mica 
disseminated through them. The close grained grey granites arc gene- 
rally composed of mica, quartz and felspar, the last of which is sometimes 
granular. 

The gneisses are also very generally of a reddish color, and this last 
class of rocks seems to pass into the waved sienitic gneiss, described in a 
former paper, which passes again into a hornblende rock, with which fel- 
spar, of a grey color, is frequently associated. This last passes into piire 
hornblende rock, and into hornblende schist. In all rocks where horn- 
blende is abundant, and where felspar is associated Avith it, the latter is 
almost universally of a grey or whitish color, and a specimen will be 
hereafter alluded to which was broken from the junction of a hornblende 
rock approaching to sienitic granite, and a granitic rock w ith which 
minute grains of epidote is associated, in wdiich tlie felspar acquires 
a redder tint in proportion as it is removed from the hornblende. This 
might arise from the coloring matter having had a greater aliinity for 
the hornblende than the felspar, Avhen the original comlilnenls of these 
minerals were in a slate to enable such affinity to he exerted. 

We shall now turn our attention to the Quartz Rock of this district, 
a rock which appears to me to be of first rate importance. In treating of 
the Geology on the route from Jiaroda to Udaynpnr, we have liad occasion 
to describe immense beds of this formation, and it is of very abundant 
occurrence throughout the whole of Central India This rock varies much 
in its texture in different situations. The purest variety exists in the 
form of a white semi-transparent rock either stratified or very indistinctly 
so, and sometimes exhibiting large unstratified beds, very frequently of 
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the rcgixhxr prismalic form alluded to in describing the granites. It either 
occurs compact or granular, the grains varying from the minutest possible 
size to the size of a bean, and many of the varieties have a sacchttrins 
aspccl. These latter exactly resemble, in their external appearance, the 
very pure white, fine grained, primitive dolomites, with which however 
they cannot, for a moment, he confounded; but it was not witiiont minute 
examiivalion, and subjecting them to tlni influence of the common native 
furnace, that I could j)ersuade myself that some of the varieties were 
(piartz, — they might possibly be confounded with some of the varieties of 
compact felspar. They arc slightly translucent. The quartz rock fre- 
quently appears as if composed of a congeries of large angular masses 
closely cemented together. Tlris appearance, in a great measure, depends 
on the seams and cracks which traverse the beds in every direction, divid- 
ing them into a number of square and rectangular portions. In this last 
variety, numerous embedded masses of a nearly transparent quartz, form- 
ing a coarse rock crystal, occur, indeed almost the entire of some of the 
beds exists in this last form. 

The (juartz, on one hand, passes into micaceous schist, which passes 
again into gneiss, granite, kc . ; and on the other, into argillaceous schist. 
It first becomes distinctly stratified. It acapiires a greyish color, and this 
color gradually deepens ; it then becomes more slaty in its texture ; mica 
is sparingly distributed through its substance, and it appears to pass 
into a harder and more durable variety of argillaceous schist. In many 
situations, but more especially in the boundary ranges of the valley of 
Udni/apnr, the connecting link betwixt these two last mentioned series 
is a rock of a fine granular texture, which occurs distinctly stratified, and 
has a structure inclining to slaty. Its color is nearly white, and it can 
with difficulty be scratched by the knife. On exposure, it acquires a 
beautiful dcndritical appearance at the surface, and it passes into a 
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rock of nearly a similar nature, but which is softer and has a creater 
proportion of alumina associated with tiu3 silica, which last, however, 
appears to be the most abundant ingredient. This rock greatly resem- 
bles, in its structure, the fine grained freestones ; but it occurs in strata 
highly inclined alternating with the other rocks. It is seen passing 
both into the more compact quartz rocks and the argillaceous schists. 

A very common variety of quartz rock in this district appears in the 
form of a compact, fine grained rock, — translucent, or translucent at the 
edges, — of a bluish color, with sometimes a tint of red, and caj)able of 
being split into layers of from half an inch to nearly a foot in thickness, 
and in the deep ravines in which this portion of the country abounds, many 
sections of the strata of this rock may he observed. From the compact- 
ness and durability of its stnieture, — from the regularity of its stratifica- 
tion, and the nearly vertical position of these strata — the siirface of these 
crags is often perfectly smooth and perpendicular. This variety occurs 
abundantly in the boundary ranges of the valley, and forms the entire 
of the hills which skirt the Udayasdgar lake, running south, till it is 
succeeded by the granitic rocks and gneiss of the neighbourhood of tlie 
Dhdbar lake. It is also of very abundant occurrence throughout the 
whole of the southern portion of the district under consideiation. It is 
the hornstone and columnar liornstone of Captain Danof.rfiei.d. 

Ferruginous quartz is also abundant, and the color of this varies 
from very dark blackish red to a red of a light shade. The quartz rocks, 
too, sometimes approach to the nature of the millstone grits, and many 
of them have a tendency to assume,, on exposure, a globular form, the sur- 
face of these exhibiting a concentric laminary structure. This is parti- 
cularly the case with those varieties which have a small quantity of 
felspar associated with them. Indeed, these last seem, in many instances, 
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to pass into an imperfect variety of granitic rack. ln.,this the quartz is 
associated with a considerable proportion of felspar; generally of a red- 
disJi color — an instance of this kind was alluded to in page 38, and I shall 
have occasion to describe in my next a series of rocks of this kind, 
which occur in the boiindary ranges of the valley. They are composed 
of reddish colored felspar and quartz, — the felspar Raving a tendency to 
be decomposed and crumble down on exposure. They are sometimes 
fine grained, but more frequently intermediate betwixt fine and large 
grained — they have, generally speaking, a porphyritic structure, and pass 
insensibly into the quartz rocks. 

It is not iny object in this sketch to trace the different rock forma- 
tions throughout their whole extent, or to define correctly their limits. 
I merely w ish to give a general account of their structure and mode of 
occurrence, atid as opportunities occur, hereafter to give a more detailed 
account of individual portions of this extensive tract. To trace correctly 
the different quartz rock formations, would be a work of great difficulty. 
They occur very extensively distributed and associated with all kinds of 
rock. I may remark, however, in a general way, that a belt of quartz, 
exhibiting, in many situations, craggy ,and precipitous hill?, seems to 
skirt this great primitive district through a large extent of country, 
and to separate it from the newer rocks described at the commence- 
ment of this paper. Captain Stewart's section exhibits it interposed 
between the sandstones and the granitic rocks on the route from Mow 
to Baroda , — west of the sandstones near Chitor I have also seen it, 
and north of this last mentioned city it still makes its appearance. 
It is probably a continuation of a similar formation which occurs .in 
the neighbourhood of S&har,. forty miles from Bian^, in the Bharatpiur 
district, w hich extends to the south and north of the former place, and 
which is bounded to the east by the rocks described in a former paper as 
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occurring at and ^ear Biana. The hill fort of Sdhar is situated on an 
isolated rock of this formation. The hill exhibiting an exactly similar 
shape to those of Nakum, (see section p. 50.) The rocks of this belt 1 look 
upon to be the last formed of the great primitive series of Central India, 
and they deserve more than any others which 1 have seen to be consi- 
dered as belonging to the submedial class. 

It would appear that the cause which operated in forming the strata 
of this district was liable to great; though not to sudden, alterations, — that 
the purest variety of rock formed Avas quartz, — that to this, wider pecu- 
liar circumstances, other ingredients were added, — sometimes mica alone, 
sometimes felspar, hornblende, &c., and sometimes alumina, and that 
this forming cause had a constant tendency to revert to that state to which 
pure siliceous rocks owed their formation, — ^thc original constituents 
of felspar, argillaceous rocks, &c. being occasionally superadded to 
those of the siliceous rocks, modifying their external structure, color, &c. 
according as the former were more or less abundant. I here merely state 
the broad principle without speculating on the nature of this forming 
cause. The granitic rocks might have been first formed, and the forming 
6ause might have gradually acquired that state to which the pure sili- 
ceous rocks owed their formation ; this cause might undergo another 
gradual alteration, and thus, from the superabundance of one or other of the 
original ingredients, constituting the solid strata of the earth, various 
modifications of these might have been produced. 

The wonderful powers of chemical affiiiityr— powers to which it is 
impossible to assign any limits, — and the changes which result from the 
absence, or presence, or superabundance of particular ingredients, all of 
which circumstances modify the attractions and repulsions of the original 
atoms of bodies for^ each dther, are well known to every Chemist, and it 
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is surely not going too far to say, that these causes might have opeifated 
most powerfully in modifying the external characters of rocks. 

The Aroilcaceous Schists, with their accompanying Greenstone 
Schists, Greenstones, and Chlorite Schists, next claim our atten- 
tion. The argillaceous schists vary much * iii their texture. From tlie 
siliceo-argillaceous schists, which pass into the more slaty varieties of 
quartz rock, to a schist of a loose friable texture, we have a regular gra- 
dation. Several varieties of argillaceous schist have' been described be- 
fore (see paper on the Geology of the route from Harodtk to Udaifapur,) 
together w’ith the rocks with which they are associated. They are very 
generally of a dark grey color, and many of them approach to the nature 
of rooting slate. These last are generally of a bluish color — other va- 
rities are also bluish, but arc soft and friable with a slightly greasy feel, 
the color depending on copper— otliers are black, making an indistinct 
mark on paper, while others are Hght grey, buff, fawn colored, and 
greenish. The latter pass sometimes into chlorite schist, and at others 
iijto greenstone schist. Many of them have mica disseminated through 
their substance, and these last pass into micaceous schUt, while others 
have a distinct greasy feel, and the latterr in one situation, I have seen 
passing into w^ell marked* talcose schist. > This last rock does not 
appear to be of abundant occurrence in this district. The instance 
alluded to was discovered in the boundary ranges of the valley. The 
talco-argillaceous schists, or those which have a dilltinct greasy feel, 
are, however, cbmmon. To the above, the calc: schiste of the French 
may be added, which occasionally presents itself. Thin lamince, of a 
whitish colored limestone, in small patches, being disseminated ihrough 
a basis of argillaceous schist. This forms a calcareo-m'gillaceous schist. 

^ ^ 

The argillaceous schists frequently resemble the greywacke schists, 

* 

as commonly described, and these again pass into greenstone schist and 
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gftenstone. TheMatto*^ in many situations, perfectly resembles the green- 
stones of the overlying trap formation, and frequently contains imbedded 
calcareous spar, as do also the greenstone schists. The greenstones, and 
less frequently so, the greenstone schists exhibit a porphyritic structure. 
The low hills of the valley of Udayapur consist of a series of alterna- 
tions of argillaceous schist and greenstone, greenstone scl^ist, &c. — and 
the greenstones occur both stratified and in regular prismatic beds, alter- 
nating with other strata. There is another rock which frequently occu- 
pies the place.of the greenstonel' in alternations of this last mentioned 
rock with argillaceous schist, the relative position to the argillaceous 
schists being similar. It appears to he greenstone, which has lost its horn- 
blende, and is principally composed of felspar of a greenish grey color, 
associated with a proportion of quartz, greater or less in difterent si- 
tuations.. A sindlar occurrence is described as taking place in Wales 
— this rock exhibits a porphyritic structure, and somewhat resembles 
the clay stony porphyry of Jameson. It is found abundantly in the 
valley. 

Several of the argillaceous schists, especially those which pass into 
greenstone and greyjracke schist, qs well as the greenstone schists them- 
selves, are capable of bc^ng cut into long masses.of various thickness arid 
breadth, — and also into flat slabs. Some of these masses are fourteen 
feet in length, and are used in place of beams to support the flat roofs 
of the Numerous Rectangular buildings of Hindu origin, which abound 
in this portion of India. The flat slabs are used as roofing stones, and 
the series dll^pillars on which these flat-roofed buildings are supported, 
arg-slse' solid masses of the same rocks. These are often fancifully carwd. 
Indeed, these stones are used in-place of beams in all the buildings, 
whether flahi^TOofed or domed, in this part of the country, .ipxcepting in 
such as are built of marble. 
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The above series of rocks form by far the gr^test part of the 
southern portion of the district under consideration, and numerous veins of 
quartz make their appearance in all the rocks here observed. Beds of 
serpentine are also found, generally in low situations, and this last some- 
times appears to pass into chlorite schists. Of it tables, and various 
ornamental works, are fabricated. It occurs unstratified. Marble is not 
very abundant, but is here and there observed in beds in micaceous 
schists, gneiss, &c. It is generally large grained, and 1 believe is also 
found, though rarely so, associated with the argillaceous schists. A con- 
siderable bed of this rock occurs near Salnmbher. 

The strata are highly inclined, sometimes almost vertical. Their 
general dip is to the N. E. or E. N. E., this is particularly the case with 
the granitic rocks, &c. They frequently, however, <lip to the N. \V. and to 
the intermediate points between N. E. and N. W. sometimes too, though 
rarely so. they arc found inclining in a south-easterly direction. The 
strata of the softer varieties of argillaceous schist arc sometimes consi- 
derably distorted, and the more slaty varieties of this last mentioned 
series frequently exhibit a waved aspect. No change, excepting that of a 
gradual passage of the one rock into the other, is observed at the junc- 
tions of. the various alternalinq strata. In some instances where the tran- 
sition is abrupt, and in alternations of greenstones and argillaceous 
schists, tiiis is frequently the case. After minute examination, I could per- 
ceive no alteration or change of structure in either of the rocks at their 
points of junction — the line of demarkation being well marked. 

The number of simple minerals in this district appears to be small. 
Bock crystal, amethyst, but not of any value, — garnets, which last occur 
in the micaceous schists, gneisses, &c., iron pyrites, which is found 
occasionally in the argillaceous schists, calcareous spar, — schorl and 
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actynolilc, \\ ith olfcer minerals usually found associated with the granitic 
rocks, complete the list. The metals are iron, copper, and lead, wilh 
which last silver appears somclimcs to he associated. Tlie iron is very 
abundant in many situations — and there are several founderics for this 
metal. Copper docs not appear to be very plentiful, but may be detected 
in many ol'the soft bluish varieties of argillaceous schist. On digesting 
a mass of this rock in nitric acid, a steel rod j)luuged in the lliiid 
acquires a coating of copper. There is a lead mine at the village of 
Jofcar ? twelve miles south of Udayitpur, which occurs in a scries of alter- 
nations of cjuart/ rock and argillaceous schist, and it is said that a con- 
siderable proportion of silver was found combined with this metal, which 
was w'orked at one time to considerable advantage. Were this country 
properly explored, 1 have no doubt but that many rich mines might be 
discovered. 

A country where such a diversity is perceived in the nature of the 
rocks must, necessarily, present a bold and striking appearance, and in 
accordance w'ith this diversity, we observe a corresponding difierence in 
thc'shape of the hills, — the harder and more durable rocks aj)pe.aring, as 
it wxre, to penetrate through the substance of the softer, and rising in the 
form of peaks, denticulated ridges, &c, Trom the extensive distribution 
of the quartz rock, and from its hard aiid durable nature, nmny very 
striking appearances are exhibited. It is sufficiently obvious, when 
a hard rock is associated wdth one of soft and less durable nature, 
that in the course of time the former will occupy the highest posi- 
tion, whatever might have been its original situation. This, then, is 
the case when the quartz rocks arc associated with the softer argil- 
laceous schists. The latter gradually crumble away, and leave the 
former occupying the summits of the hills, and presenting different 
aspects according to the nature of the quartz and the breadth of its 
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beds. A very common appearance throughout the nvhole of Central 
India is derived from this source, f allude to the occurrence of a thin bed 
of quartz, seldom more than a few feet in thickness, often only a few inches, 
which runs along the ridges of the hills throughout the whole extent, form- 
ing a sharp angle from which the darker colored argillaceous schists slope 
on either side. Where the (juartz beds are thicker, they often rise 
abruptly to the riiiht and left on rugged, nearly perpendicular cliffs — often 
presenting the appearance of ruined fortifications and castellated walls 
rising from tlie slope of tlic liills, and exhibiting altogether the most strik- 
ing scones whicli I have ever witnessed. Numerous perpendicular cliffs 
also present themselves — the perpendicular face of these cliffs, being on 
the opposite diri'ctiou to tliat on which the strata dip. This is particu- 
larly observed in hills formed of the di.stinclly stratilied quartz rock, 
described in pages JIO and 01, and even more strikingly so, when the 
above rock alternates with aigillaceoiis schist, and on the direction in 
which the strata dip the hills are often almost destitute of .soil, the 
sun being rellected from the hare surface with fearful intensity, while 
on the other side the slope, especially in such cases, when the out- 
croppings of argillaceous schist are observed, is covered with jungle, 
above which the cliffs just described, are seen rising abruptly. The 
ridge-shaped hills are, however, the most common, and these are gene- 
rally formed of distinctly stratified quartz, the strata being arranged in a 
nearly vertical position. From the sharpness of the angle and the regu- 
larity of the outline which the summits of many of these hills present, — 
these summits appear in the distance to be flat, and the deception is in- 
creased by their frequently assuming the form of a truncated cone. In 
the latter instance the sharp ridge still exists. It is continued for some 
distance in a direction parallel to the horizon, and then suddenly slopes on 
either side at a very acute angle. We have also denticulated ridges, the 
hills exhibiting this appearance being generally composed of siliceo- 
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argillaceous schists, and the more durable varieties of argillaceous schist, 
while peaks, often of fantastic form, are seen rising above the surround- 
ing hills. The softer argillaceous schists occur generally forming round 
hacked hills and gentle swells. While the granites, hornblende rocks, 
which approach to primitive greenstones, &c. are frequently arranged in 
large globular heaps piled on each other, as if artificially. The pure 
white quartz rock, too, frequently assumes the form of low rounded 
swells, entirely destitute of soil, and resembles, in the distance, extended 
plains covered with snow. 

The form of the hills in this district is constantly liable to change — 
during the rains immense blocks of the harder rocks arc detached, and 
the process of decomposition in the softer and less durable varitics is car- 
ried on with amazing rapidity. Hence its rugged and broken aspect, and 
this ruggedness is yearly increased by the channels which the hill tor- 
rents arc constantly forming for themselves. 

That this district has been subjected, at various periods of time, to 
those violent convulsions of nature which have operated with greater or 
less force in every quarter of the globe, there can be no doubt. The deep 
valleys and rugged ravines — the sliding otF or sinking of the strata form- 
ing the whole sides of mountains, a narrow ravine only separating the de- 
tached portions from the parent hills, — all which appearances are fretjuent- 
ly observed in this portion of tlie country, sire siitiicicnt to prove this ; but 
let not a love for the marvellous lead us beyond the limits which reason 
has prescribed. The difference observed in the nature and durability of 
the rocks, and their capability or the reverse of resisting the decomposing 
effects of the atmosphere, of the mechanical effects of water, &c. will ac- 
count for very many of the appearances described, and in a climate like 
this these causes operate with amazing force. 
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In this district too, wc can trace appearances which have probably 
resulted from the la-jt great flood to which our planet was subjected, 
in the huge blocks and rolled masses which frequently present themselves 
detached from tlie beds in which they originally occurred, and at a great 
distance from them. The sharp angular appearance of these fragments 
indicate that they were not long exposed to the action of water. Im- 
mense tracts present themselves strewed with angular blocks and masses 
of the white quartz, which has been described as being characterised by 
its numerous seams and cracks, and which, owing to this circumstance, 
was peculiarly liable to be detached from its original position ; and in 
many situations I have observed heaps of the masses of this rock piled 
upon each other as if artificially, and resting on low rounded hills, composed 
of a similar variety of quartz. It is impossible, on witnessing these, not 
to conclude that higher hills, formed of this rock, originally existed in such 
situations, and that all that now is left of these arc the heaps just alluded 
to, which still remain to mark the spot v/here mountains have existed 
before — and we cannot fail to perceive the ruins of these mountains in 
the masses of quartz which strew the country far and near. 

It is impossible, from facts of this nature, to arrive at any certain 
conclusions regarding the direction from which this flood came. Cross 
currents and a thousand other circumstances must be taken into consi- 
deration ; but from the general position which these detached fragments 
occupy, I am inclined to believe that it came from the west or north- 
west. 

Geology of the Northern Portion. — We shall now proceed to 
describe, as briefly as possible, the Geology of the northern portion of the 
district under consideration. The great difference in the external appear- 
ance of the country betwixt the northern and southern portions, has already 

u 
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been pointed out, and my observations are confined to that part of it 
which lies east of the central range. 

With regard to the central range itself, in the neighbourhood of Udaya- 
pur, it is formed of the distinctly stratified quartz rock described in page 02, 
— ^which alternates with argillaceous schists, &c. and exhibits sharp and 
denticulated ridges, peaks, &c. As we proceed north, the granitic rocks 
make their appearance with their associated gneisses, micaceous s(;hists, 
and hornblende rocks. These are found at no great distance to the north 
of Udaynpur, and on the most northern portions of Mewar, in the Ajmer 
district, and where this range borders on Marwar, they are the only rocks 
met with. From the large plates of mica, which arc brought from the 
latter portion of the district, we may judge of the nature of the rocks of 
tills range to the north. 

The country lying betwixt this range and the belt of secondary rocks, 
which form the Chitor range, and from thence extend west for a short 
distance, is generally level, and frotn its surface rise several detached hills 
and hill ranges. The nature of the rocks in this portion of the country will 
be- understood from the accompanying section of the strata which occur on 
the route from Nimach to Mertah, which last is situated about a mile 
and a half from the base of the central range. These rocks .cross the 
country in an oblique direction, the strata running nearly from N. W. 
to S. E. 

Proceeding north from Mertah, we have a continuation of the rocks 
described in the explanation of the section as occurring at and near Mer- 
tah. In these, the associated felspar is frequently granular, and the last 
sometimes occurs nearly pure, in which case it forms the while stone of 
Werner. This, however, is rare. Beds of semi-transparent quartz also 
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occur, and in some instances this rock assumes an almost schistose 
aspect. When this last is broken in a direction parallel to the schistose 
structure, minute scales of mica may be frequently observed, which 
divide the mass into a number of thin parallel bars. The mica can- 
not be observed in the unbroken mass, or in the cross fracture, and 
the bars are sometimes so thin that the rock assumes a fibrous ap- 
pearance. 

When felspar occurs associated with hornblende, the former is gene- 
rally white or grey, and in some specimens of sienitic granite, I have 
observed that the felspar, when exposed at the surface, has acquired 
a reddish tint, and it is only on breaking the mass that we discover its 
real color. In one hand-specimen, broken from the junction of a horn- 
blende rock approaching to sienitic granite, and a close-grained granitic 
rock, throvigh which are disseminated minute yellowish green specks of a 
mineral, M'hich appears to me to be ’Epidote.,- - the felspar of the hornblende 
rock is grey, while that of the other is reddish ; the felspar acquiring a 
redder tint in proportion as it is remove?! from the hornblende. Through 
many of the granitic rocks wliich occur here, the minute greeir specks just 
alluded to, are disseminated. When these rocks are exposed to a powerful 
heat, the green color of these specks is converted into a black, and a 
similar mineral occurs intimately associated with a rock which appeared 
to me, on first seeing it, to be a variety of a schisthse quartz. It has a 
specific gravity, how^ever, varying from 2-9 to 3-4, or even 3-5, according 
as this green mineral is in larger or smaller proportion. This last ap- 
pears to be translucent at the edges, to have a fracture slightly foliated, 
and something of a fibrous structure. Its hardness is intermediate, 
between that of felspar and quartz — it is rather brittle, and before the 
blow pipe, or when exposed to a powerful heat, it is converted into blojck 
or dmk brown scoria. Its color is light yellowish green, and sometimes 
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greyish green. It appears to be a variety of Epidote, and the rock just 
described occurs in considerable abundance.* 

In the series of rocks under consideration, chlorite appears frequent- 
ly to occupy the place of the hornblendes, and the rocks containing this 
mineral have, sometimes, a structure approaching to that of gneiss, — the 
chlorite being arranged in nearly parallel, interrupted layers, alternating 
with layers of the other ingredients. This last rock is distinctly strati- 
fied, and passes into chlorite schist. Chlorite also occurs in minute quan- 
tity in many of the rocks approaching to the nature of white stone. 

In the neighbourhood of the central range, in this part of the coun- 
try, we have numerous detached ranges, and the surface of the country, 
on proceeding towards Ndlh'dtvdra, becomes rugged and uneven, exhibit- 
ing a mammillary belt, in which arc situated several deep and small val- 
leys. The rocks observed are different modifications of granitic rocks, 

alternating with hornblende rocks. Ndth'dwdra (famous for its temple, 

% 

which is one of the most sacred in India, with those of the Vuishnava 
persuasion,) stands about twenty-four miles north, and a little to the east 
of Udttyapur. It is situated on the inner slope of a group of Jiills of a 
rugged aspect, and which group is connected with the mammillary belt 
above alluded to. Tjie rocks which occur there are argillaceous schists, 
containing a large ' proportion of mica, and these pass into micaceous 
schist, which alternates with quartz rock passing into gneiss. The 
Bands river, skirts this group. For about four miles east of ^dth'dwdra, 
we have still numerous detached hills and groups, and the country is 
broken and rugged, — we then enter the level plains of Mewar. 

* In addition to tlii^ mineral, I suspect that Schiller spar occasionally occurs. Associated with 
the (jiiartz is a rock which has a apeciitc gravity of about 2-8. It is so intimately blended with the 
quartz, however, that 1 could nut determine with any degree of precision respecting its nature. 
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In the district north of NdfJtdwdra, including the most noithern 
portions of Mcimr, and the Ajmer and Jaypur districts, we find gra- 
nitic rocks, gneisses, micaceous schists, and liornbkndc rocks, with occa- 
sional beds of marble and serpentine — while the argillaceous rocks are 
rare. But before describing these, it may be as well to give, in this place, 
a short description of the Geology of the country on the route from 
Ndth'dwdra to Knnkamuli, distajice of about nine miles north, and 
slightly east. Tliis portion of the country acquires importance from the 
marble (juarrics which abound in it. 

Proceeding then north from the Bands river, the route running parallel 
to, and at no great distance from the central range, the country exhibits 
a mammillary aspect, and to our right stretch out the level plains of 
Meit ar. The first rocks which present themselves, are micaceous schists 
approaching to argillaceous schists, which appear to pass, on one hand, 
into argillaceous schists, with udneh a large proportion of mica is asso- 
ciated, and on tlie other, into gneiss, generally of a schistose structure. 

r 

Small thin laminm of a udiite limestone, occasionally occur in patches in 
the schistose rocks, forming a variety of the culschisle of the French. The 
preponderating rock, however, is micaceous schist, in which occur beds of 
quartz and hornblende rocks. 

On arriving at KanIcarauVi, several low ranges of hills are observ'ed. 
The Lake, for which its sacred city (for it, as well as NdUddndra, is the 
seat of a Gosain of the Vaishnava persuasion) is famous, may be about 
fourteen miles in circumference. It is skirted on two sides by these low 
ranges, and on the other sides the water is confined by two bunds of large 
extent, and there is another bund which blocks up a broad ravine which 
separates two of the ranges just alluded to. 



78 


SKETCH OF THE 


It is in these ranges that the marble formation of Kanlcarauli occurs. 
On tlie side to which the strata dip, the acclivity is gentle ; but in the op- 
posite direction, they present bliitV crags which overhang the lake. The 
marble occurs in distinctly stratilied beds. In a hill examined, the first 
rock Avhich j)rcsente<l itself was jnicaccwis schist, composed of (piartz and 
mica, the last in large proportion, and in silvery plates of considerable 
size. I)i])ping under this, occurred a thick bed of niarl)lc, the outcrop- 
pings of the strata making their appearance throughojit the M’hole extent 
of a low ridge skirting the lake. Ihuler this again, a micaceous schist, 
of a more stony aspect than the last, occurred. This i'onlains a consi- 
derable proportion of associated felspar, and passes into a gneiss of a 
slaty structure, which is succeeded by a sirmitic granite, or rather a horn- 
blende rock, n illi which is associated a A’cry large proportion of horn- 
blende. All these rucks are distinctly stratilied, and dip at an angle of 
about 48'’ — the dip being sonlhcrly, a little inclined to the east. 

The marble which I had an opportunity of examining, >vas coarse- 
grained and crystalline. One variety was nearly pure white, while another 
was greyish white, the last being rallier of a closer te.xUire, — both were 
slightly translucent at the edges, and in their structuie they frc(picn11y 
approached to sJaly. This marble is a primitive dohiniie. It is dissolved 
slowly, hut entirely in nitric and muriatic acids, with slighl cjfcrvescnicc, and 
contains a considerable proportion of carbonate of magnesia, associated with 
the carbonate of lime. The marble quarries from which all this portion of 
India is supplied, occur a few miles from this town, and ru^ar another lake 
of smaller size, called* the Jlajna^ar. This marble is more compact and 
fine-grained than the variety just described, and is associated with a 
similar variety of rocks. 

The Bunds which are constructed of marble, have a very imposing 
appearance, and numerous jlat-rooJ'ed buildings, supported on j)illars, 
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cxhiUilinp: very richly carved specimens of Hindu architecture, adorn the 
principal of these. Tliese hiiildiags arc completely covered with figures 
of llie Hindu di.ities, carved in alto relievo. The strata of this limited 
jxtrtioii of the country generally dip in a .southerly direction, while those 
in other si iiations, to the .N. S., and in the same parallels of latitude, 
generally dip to the N. H. 

The ranges run in a direction parallel to the direction of the strata, 
and the micaceous schists and gneisses of this series generally contain 
embedded garnets. 

With regard to the other portions of fhis district, north and east of 
Kankaraiili, 1 may remark, in a general way, that in it are jirobably dis- 
covered, in any abiindance at least, — the oldest rocks which occur in 
Central India, and these may very probably dip under the argillaceous 
rocks ol'the south. The whole of which last series would appear to repose 
against micaceous schist, passing insensibly into gneiss, the last pa.ssing 
again into granite. Tnimediately to the north of Kankamuli, we enter u 
perfectly level plain, which is continued to the base of the central range, 
which range rise.s abruptly from its surface -and, supposing a line drawn 
in a north-easterly direction frojn Kunkanniii to the fort of Banira, 
situated forty-two miles north of Chilor, we hav'C to the N. W. of this 
line a perfectly level plain, at the surface of which the primitive strata 
(ronstunlly appear —and this plain is, in many situations, bounded by the 
horizon, not one single detached hill or range making its appearance till 
we approach the hill groups at and near Bandi, which lies nineteen miles 
S. E. from Namabad. 

To the S. E. of this line wc have also level plains, but from the 
surface of these rise numerous detached hills and hill ranges — and a 
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range of considerable extent stretches in a south-westerly direction, from 
the fort of linmra. The I'irst rocks which present themselves are 
micaceous schists, in which the mica is abundant, and in plates of consi- 
derable size; in these are embedded garnets. Beds of quartz, and a 
micaceous schist, approaching to argillaceous schist, are frequently met 
witli^ — and the latter of these rocks is more abundant towards the south. 
For a very considerable distance to the north of Kaukaruuli, and from 
thence cast to lihUwara, situated thirty-four miles north of Chilor, the 
micaceous schists still preponderate, and they alternate w ith hornblende 
rocks and quartz. In the neighbourhood of Bhilwara, we observe an 
extensive scries of alternations of this kind ; and the hornblende rocks, 
which occur in great abundance, exist in the form of hornblende schist, — 
hornblende rock, and hornblende rock approaching to sienitic granite. 

Proceeding north, the granitic rocks ])reponderatc, and the range of 
hills, on the termination of which to the north, Biuitm is situated, is en- 
tirely composed of granite. The granites of this range arc various, and 
the different varieties alternate with each otlier, — some of the beds being 
stratified, and others assuming a regular prismatic form. One variety 
is a very fine-grained grey granite, of a crumbling nature, easily affected 
by the atmosphere, and, in its partially decomposed state, exactly resem- 
bling a sandstone. Another variety is a granite, in which quartz and 
felspar occur iu large angular concretions, the quartz being while 
and semi-transparent, and the felspar being nearly opaque, and 
of a milky white color — with these a very small proportion of mica 
is associated. This last rock was traversed by veins of felspar, or 
rather adularia, of a beautiful pearly lustre. Another variety of gra- 
nite also occurred, in .which the mica, of a dark olive color, wan dis- 
linclh/ crystallized, as were also occasionally the quartz and felspar. The last 
variety is large granular. The hills of this range are low, and they do 
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not rise higher than three hundred feet above the level of the plain. 
Their shape is round, approaching to conical. 

On leaving Banira, we enter the level primitive plain, described in 
pages 79 and 80 — and this plain is, in many situations, almost literally 
covered with garnets, giving to the face of the country a red aspect. The 
precious and common garnet both occur. The former is small, and seldom 
in perfect crystals — tlie latter is large, often the size of a hen's egg, and 
is regularly crystallized in the usual manner. The rocks are still difterent 
modifications of granitic rocks, with which are associated occasional beds 
of hornblende rock, and hornblende schist — ^the first passing into sienitic 
granite. Sonic of the granites are composed of quartz and felspar alone, 
the latter being milky white, and the former semi-transparent. These 
are arranged in large angular concretions, and have at a little distance 
quite the aspect of calcedony. This rock is stratified, and felspar in thin 
seams, u hich run parallel to the strata, occurs in it. This felspar is trans* 
lucent, of a slightly greenish color, and easily breaks into fragments of a 
rhomboidal form. It exhibits, in some small degree, the play of colors 
so remarkable in the Labrador felspar. Besides the above granites, 
composed of quarfz, bright flesh-colored felspar and steatite occur, — the 
last ingredient being sometimes wanting ; common granite is also found — 
in this the mica, as seen in the mass, is of a brass yellow color, but when 
placed between the eye and the light, is of a greenish straw color. Schorl 
is occasionally met with in these granites, and in their structure they vary 
from fine grained to large grained. • 

The above rocks are continued till we approach JBandi, nineteen miles 
south-east of Nasirabad^' when we now again perceive numerous detach- 
ed hills and hill groups — and rocks containing hornblende preponderate. 
The rocks heretofore met with have, generally speaking, been regularly 

X 
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stratified, and the strata appearing to cross the country obliquely, and 
running nearly north-west and south-east. 

Hanoi is situated at the base of a group of hills, which, though they 
appear smooth and conical in the distance, are found, on nearing them, to 
be entirely destitute of vegetation, the rock of which they are composed 
having a tendency to assume the form of large globular, or rather colum- 
nar masses, M'hich are piled on each other, — one of these masses fre- 
quently occupying the very summit of the hills, and presenting a very 
striking appearance. A small fort tops a low, conical, and precipitous 
hill, or rather crag, — the fort appearing to rise from the rock, and to be 
a continuation of it. 

The rock composing this group of hills does not appear to be strati- 
fied. In its texture it inclines to small granular. It is composed of grey 
felspar, quartz, and black shining hornblende, and has a structure similar 
to that of gneiss, the hornblende being arranged in slightly interrupted 
nearly parallel layers, alternating with layers of quartz and felspar inti- 
mately mixed. Small garnets occur disseminated through this rock, and 
in many situations it has a perfect gneissy structure. It may be classed 
with the sienitic gneisses. 

Proceeding from this last place towards Nasirabad, we have alter- 
nations of granitic rocks, with hornblende rocks and gneiss, all these pass- 
ing into each other — hornblende being a common ingredient in all. Large 
rounded heaps of these rocks are seen piled upon each other near the route, 
and they do not occur stratified, but in large and broad prismatic beds, 
running in the usual direction of the strata of this district. The route 
from JBandi to Nasirabad is in a direction nearly parallel to, but a little 
to the west of, the direction in which these beds run, and we frequently 
meet with the same rock for the distance of one or two miles. 
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The country surrounding Nasirahad is bleak and desolate. The 
cantonment itself is situated on an elevated plain, exhibiting, in almost 
every position, the out croppings of the vertical strata ; and the soil, 
vdiere there is any soil, is seldom deeper than a few inches. The surface 
rises into several low rounded swells, destitute, or nearly so, of vegetation, 
and in the neighbouring country several detached hills and hill groups 
are observed. To the west and north-west, the central range of hills is 
seen to stretch. It presents a bleak and rocky outline. It rises abruptly 
from the plains, and in some situations exhibits peaks, frequently of con- 
siderable altitude, — some of them, in the neighbourhood of Ajmere, rising 
about one thousand two hundred feet above the level of the plain. In 
this portion of the country there is scarcely a single tree observed. 

The rocks which occur are different modifications of granitic rocks, 
alternating with each other in narrow beds, and these are associated with 
gneiss, micaceous schist, and hornblende rocks. All these pass into each 
other by insensible degrees. The hornblende rocks pass into greenstone, 
and also exist in the form of pure hornblende rock and hornblende 
schist, with both of which felspar oecurs associated, and these last 
pass into sieiiitic granite. The gneisses arc generally schistoses, 
not waved, and the granites arc very various— sometimes large grained, 
but more generally small grained. In the above, beds of pure white quartz 
occur, — these last frequently rising into hills completely destitute of vege- 
tation. The quartz, exhibiting a saccharine structure, described in page 62, 
is found here, and other varieties are semi-transparent. Some also exhibit 
an almost schistose structure, and are similar to those described in page 7.3. 
Indeed, the whole series of rocks which occurs at Nasirabad, is very simi- 
lar to that described as being met w ith at and near Merlah. The rocks 
of this series are, generally speaking, stratified, and the strata run in a 
direction N. W. and S. W. probably skirting, through a large extent of 
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country, the western limits of the formation described at Bami, and 
exhibiting in their course different appearances. The granitic rocks found 
in the neighbourhood of SItapoora, fourteen miles east of Ban ra, are pro- 
bably a continuation of this series, while a continuation of the Banira 
rocks may probably be discovered in those to the west of Nas'irabad. 

l^rocecding east from Nas'irabad, in the direction o( Biana, we pass, in 
the first instance, through the same bleak and desolate country — the rocks 
every where appearing at the surface. We have still alternations of gra- 
nitic rocks and hornblende rocks, with numerous low rounded swells, com- 
posed of pure white quartz, large masses of which latter strew the line of 
march. The granitic rocks lose, at a short distance to the east of Na.d- 
rnbad, their stratiform structure, and frequently appear at the surface in 
the form of immense lenticular masses, often many yards in diameter, the 
superior flattened surfaces of which only protrude ; and we also observe 
the piled up heaps of globular masses above alluded to. This formation 
is obviously a continuation of that observed at Bandi. Proceeding east as 
far as Buviboli, about thirty miles distant from Nas'irabad, we have a 
continuation ofa similar variety of rocks, but micaceous and chlorite schists 
now ocfeasionally make their appearance ; the granites, however, prepon- 
derate, and in these the felspar is the most abundant ingredient. It is 
frequently of a crumbling nature. Among other varieties of granite which 
occur near Bambolt, there was one of a very beautiful appearance com- 
posed of quartz-hornblende, the last in very small proportion — flesh- 
colored felspar, and green mica, and in this rock were imbedded portions 
of a semi-transparent, nearly white, felspar of a rhomboidal form, giving 
to the mass a porphyritic structure. Numerous detached hills occur in 
this neighbourhood. They are all very low — some exhibiting the above 
described appearance of globular heaps piled upon each other — others are 
smooth and conical, while others are peaked. 
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Still proceeding in the same direction, about half way betwixt 
Nasirabad and ^/awa, we perceive tlie two parallel ranges of hills described 
in page— and between which ranges our route lies. These ranges seem 
to terminate to the west in a number of detached hills which rise here and 

r 

there in the line which tlie ranges would have followed had they been 
continued. Some of these detached hills are conical, others are round, 
while others are occasionally peaked. The rocks are still granites, some 
of them containing imbedded actiuolite, and with others steatite and chlo- 
rite occur associated. Gneiss and micaceous schist are also observed, and ' 
the last, as we proceed cast, becomes very plentiful. Many of the speci- 
mens of gneiss have a zoned aspect, parallel layers of red felspar being 
observed in these, alternating with layers of quartz, &c. and this last rock, 
in some situations, passes into quartz, the connecting link being a rock 
composed of parallel bars of quartz, separated from each other by plates 
of mica. At a small village called Glienvdii, about eighty-six miles 
from Naitrabtul, occurs a low hill, composed of micaceous schist, with 
subordinate beds of gneiss and granites, into both of which it appeared to 
pass. 1 here found specimens of a variety of fibrous quarts; of a slightly 
reddish tint — the fibres were arranged in a manner similar to those of fib- 
rous gypsum, audit occurred imbedded in the rocks in oblong portions of 
small size, the superior and inferior surfaces of which were slightly convex. 

Proceeding in the same direction, the above rocks are still observed, 

and small grained granites, composed principally of quartz and felspar, 

with which occasional minute scales of mica arc associated, preponderate 

as we proceed east. Beds of micaceous schist and quartz are also met 

with, — and the rocks just alluded to are succeeded by the quartz rock 
* ^ ♦ 

formation, in the centre of which stands the hill fort of Sdhar, or Onska 
Sdhar — see page 65. Felspar, in small proportion, occasionally occurs 
associated with this quartz. 
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The bills of the parallel ranges which bound to the right and left, 
the plain over which the line of inarch lies — are low. Their summits 
very frequently present a sharp ridge, the acclivity on each side being 
rapid, and this ridge exhibit^ an even and uniform line. Sometimes, too, 
the summits are flattened, and their outline altogether is exceedingly 
monotonous, the even line which these summits exhibit, being frequently 
continued for miles without interruption. This is more particularly 
obseiwed in the most eastern portion of the Jaypur district, while to 
the west denticulated ridges occasionally occur, and sometimes, though 
rarely so, low conical peaks present themselves. The hills which rise 
from the plain, especially those of the quartz formation, are more abrupt 
and precipitous. 

Proceeding from the hill fort of Banira N. E. towards Tonk, we have 
still level plains with their detached hills and hill ranges, and these hills 
become more numerous as we proceed east, — several small ranges too, 
are seen running on a north-easterly and south-westerly direction. The 
country is- generally covered with soil, from which occasionally protrude 
granitic rocks, &c., and these are probably a continuation of the rocks 
observed at and near Nasrrabad, and to the east of this cantonment ; and 
about twenty-six miles N. E. from Banira, we observe several hills com- 
posed of granite rocks, gneiss, &c. in large unstratified beds, the large 
lenticular masses described in page 84, together with the hills formed of 
the globular masses so often alluded to, being frequently perceived. This 
last formation is probably a continuation of that perceived at Bandi, See. 

IT 

A village called Tara, is situated at about twenty-four miles S. W. of 
Tonk, and stands near the base of a considerable range of hills, which runs 
in a north-easterly and south-westerly direction. The hills of this range exhi- 
bit ridge-shaped and denticulated summits, and the preponderating rock 
is gneiss, on one hand passing into micaceous schist, and on the other into 
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granite. In some of these the felspar exists in the form of a soft earthy 
substance, (kaolin,) sometimes it is of a reddish color, and at others it is 
greyish white. The last is frequently granular. 

The country surrounding Tonk is characterised by its numerous 
detached groups, and the hills often rise into peaks of fantastic form, 
denticulated ridges, &c. Many of them are entirely destitute of vegetation, 
and a sharp craggy peak, of a very striking appearance, and crowned by 
a domed building, overhangs the city. The rocks observed are granitic 
rocks passing into gneiss, quartz being a very abundant ingredient in 
these. 

Proceeding N. E. from Tonk towards SowdU, situated in a pass in the 
most southern of the two parallel ranges, alluded to iii page 85, and distant 
twenty miles S. VV. from Sahar, the detached hills are still numerous, 
and many of them are crowned by a strong-hold. The windings of the 
Bands river are frequently crossed, and the rocks gradually pass into 
quartz rock, approaching to gneiss, with which hills of micaceous and 
chlorite schists are associated. 

Five miles to the S. W. of a small village called Bopdi, which stands 
about twenty-six miles S. W. of Sowdli, is a hill fort, of SL very imposing 
appearance. The small detached range, on the highest point of which it is 
situated, appeared principally composed of quartz of a white color. The 
lower and central regions of the hills were ^covered with stunted jungle; 
the rock then suddenly took a more perpendicular direction, and rose by 
a very steep acclivity, till, with the slope on the other side, it formed a 
sharp denticulated ridge, frequently rising into needle-shaped points, and 
exhibiting a peculiarly bristled aspect. The upper regions of these hills 
were entirely destitute of vegetation. Many other of the hill ranges 
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presented similar appearances, and we had also the usual ridge-shaped 
hills, and some were conical. 

On approaching these detached ranges were still very numer- 

ous, and the secondary ranges, described in page 50, were seen passing off 
in pairs from the range, at the base of which Sow&li is situated. I need 
scarcely add that the word ‘‘ secondary’ has no reference, in this place, to the 
rocks of which the hillg are formed, but is merely used as a relative term 
to express the connexion of these ranges with the greater range. These 
secondary ranges, then, are not continued far, but terminate a short dis- 
tance to the south. Their summits present various appearances, — some are 
flattened or slightly rounded, and are bounded on either side by nearly 
perpendicular smooth crags which rise abruptly from the slope. Others 
are ridge-shaped, while others arc slightly denticulated. 

The rocks which present themselves are small grained granitic rocks, 
the quartz and felspar being by far the most abundant ingredients, and 
these are associated with micaceous schists and rpiartz rocks. Succeed- 
ing these, the quartz formation of Sd/iar occurs. 

The above is all the information uhich I can give relative to the 
Geology of this district. My communication has already been extended 
beyond the limits which I at first proposed for myself, and my concluding 
observations shall be few and general. 

lii the northern portion of this district, I stated that beds of marble 
and serpentine are found, excepting, however, the marble formation of 
KankaraulL I have not had an opportunity of examining these, and shall 
tlicrefore content myself with remarking, that marble appears to be plen- 
. tiful in the northern portions, both of Ajmer and Jaipur. 
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Regarding the metals of this district I can say but little. Dur- 
ing the past cold season, I had proceeded as far as Nasirabad, for 
the purpose of examining the Ajmer lead mines ; but the sudden 
calls of duty obliged me to return to (fdaya^iur, when I was on the very 
point of setting out on my intended excursion. I can, therefore, give 
no additional information to what is already known respecting these 
mines, — and I must be satisfied with remarking, in a general way, 
that iron, copper, and lead, M'ith which last siives has occasionally been 
found associated in small proportion, are the only metals which have as 
yet been found in this district. Several specimens were shown me as ores 
of antimony. These were, however, well-marked galena. There are 
several iron founderies in this district, and this last metal appears to be 
very abundant in the quartz rock formation. Copper mines, loo, have, I 
believe, been worked near Mandal, in Metvar. 

Several simple minerals have been mentioned as occurring in the 
granitic rocks, &c. ; and in one variety of granite was observed a mineral 
which appeared to me to be Saussurite. 

The deptJi of the wells in the primitive portions of Central India 
appears to depend, in a great measure, on their being near, or at a dis- 
tance from — the large lakes which abound in this district, and the remark 
first made by SiiAH Babeii, (see Levden, and Erskine’s translation of 

t 

his life,) who appears to have been a wonderfully intelligent observer of 
nature, I have found to be perfectly correct. This remark is, that in the 
apparently dried-up courses of rivers and nullahs in India, water uni- 
versally found close upon the surface, and that, even during the hottest 
periods of the year, it is only necessary to dig a few feet through the sand 
to reach it. We cannot but agree in the reflection made by this monarch 
upon stating the circumstanpe ; viz. that it presents an instance of one 
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of th^ many bountiful arrangements which Providence has made to sup- 
ply the wants of its creatures. Many of the wells at Nastrahad are 
eighty feet deep, and are bored through the solid rock — the water in these 
is generally brackish — and is impregnated w'ith saline ingredients. The 
hill fort of Hamtrgher, situated twenty-one miles north of Chitor, is 
remarkable on account of a well which has been bored, with infinite labour, 
through the solid rock from the summit to the very base of the low hill 
on which the fort is sitt^tcd. This well is nearly two hundred feet deep. 

During the rains, springs of water may be seen, in many of the hilly 
districts, issuing from the rocks at the surface. 

In the north of Ajm^r and Jaypur, the water is bad and brackish. 
In the southern districts it is excellent; and the only foreign ingredient 
which 1 have as yet detected in it is carbonate of lime, which sometimes 
exists in considerable proportion. A quantity of carbonic acidgass, in a 
free state, must, of course, exist in these waters, to enable them to hold 
the carbonate of lime in solution. 

With regard to the Geology of the primitive portion of the district to 
the west of the central range, I can say nothing. My specimens from the 
Serooee district are as follows, and these indicate a similar variety of 
rocks to thoSe which we have described as occurring to the east of this 
range : 1st, a rock composed of pure black shining hornblende without 
intermixture; 2d, nearly the same as the above, but with associated 
felspar in small proportion ; 3d, a sienitic granite, approaching to primi- 
tive greenstone ; 4th, a granitic rock, composed of flesh-colored felspar, 
with a distinct foliated fracture, quartz in much smaller proportion, and of 
a white color, and steatite — ^the last in very small quantity, and in other 
specimens of the same rock entirely wanting — this granite is very large 
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granular ; 5th, a sienitic granite intermediate between small and^large 
granular, and principally composed of grey felspar, with which is occa- 
sionally associated quartz and hornblende, the last in minute proportion— 
a soft reddish iron ochry-looking substance occurs disseminated through 
this variety, 6th, a very compact primitive limestone, with a texture 
approaching to that of calcareous spar ; 7th, a limestone, or marble of a 
whitish color, consisting of a congeries of minute grains, which appear to 
tlic naked eye rounded, but which seen through a noQcroscope have an imper- 
fect crystalline structure, exhibiting sharp angles, &c. — through this rock 
is disseminated minute scales of a dark colored mica ; 8tb, a limestone 
somewhat similar to the last, of a cream-color, composed of similar grains 
in a very loose state of aggregation, so that it crumbles into ^ fine calca- 
reous sand almost on being handled. Through this rock are disseminated 
scales of an olive-colored mica, and a portion of it being thrown into nitric 
acid, the calcareous grams were completely dissolved with brisk efferves- 
cence, while there remained as a residuum, the scales of olive-colored 
mica, a few minute grains of quartz, and two other minerals, the nature of 
which I do not altogether understand. 

One occurred in small cylindrical grains, or rather six-sided prisms, the 
lateral planes of these not being very well marked, but at the same time 
sufficiently distinct to entitle them to the appellation of crystals. They 
arc about the size of a grain of rice, are slightly translucent, approaching t© 
opaque — of a white eolor and silky aspect ; they are soft, and easily crum- 
ble between the fingers into a fine silky looking powder. Before the 
.blow pipe they acquire a more opaque degree of whiteness, and they do 
not appear to be affected by acids. Their specific gravity does not seem 
to exceed 2® 00, but from the smallness of the size of these crystals, and 
from their lightness, I could not ascertain this point with precision, not 
being possessed of scales sufficiently delicate. 
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The other is of an emerald-green color, translucent or semi-trans- 
parent. It occurs in grains or crystals of nearly a similar form to the 
last, but these are frequently flattened. It also occurs in small irregular 
grains which assume^ no distinct form. Like the first, it exhibits a very 
fine fibrous Structure. .It has a shining vitreous aspect — it is soft, so as to 
be scratched by the knife, but it is harder than the oUier ; it is exceeding- 
ly brittle, Its fracture appears to be foliated, and its specific gravity 
docs not exceed that of^e last. When exposed to the flame of the blow 
pipe, it acquires a darker color, and becomes opaque and friable. 

The above minerals appear to be more allied to apatite, than to any 
other substance with which I am acquainted. The friend to wliom 1 am 
indebted for my specimens informed me, that the rock in which these 
are found occurs very abundantly on the route from Udai/apur to Seroi. 
A specimen of this rock I have the pleasure to foWard. 

I have only further to add, that I have found imbedded in hunker, 
in the valley of Uihyapur, several varieties of primitive rocks, which I 
have not yet been able to discover in situ. Of these I may mention one. 
It has a waved appearance, is close grained, almost conipact, and consists 
of white quartz and a dark colored limestone, arranged in waved alternat- 
ing layers. It eifervesces strongly with acids. A specimen of this rock 
1 have also the pleasure to forward. 
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By Captain G. EVEREST, p.r.s. m. a.s., &c. 

Surveyor General and Supei inlnnUtit of the Great Trigonometrical Survey of India, 


In offering to the notice of the Society the accompanying paper, I beg 
to explain that my object is to put on record certain formula?, connected 
with the method generally employed in the Trigonometrical Surveys of 
England and of India, for determining Azimuths. 

Those of my readers, who are familiar with this subject, will remem- 
ber that the nietliod in question consists in observing the difference of 
Azimuth between a fixed lamp of reference and some circumpolar star, 
generally a ursa? minoris, at the time of its greatest distance on the east 
or west side of the meridian. 

But to accomplish this, the actual time of the phenomenon, and 
frequently the altitude, require to be known, and as it is advisable to 
have these elements prepared for the occasion at leisure, the latitude of 
the place is sometimes drawn from data to which the final corrections 
have not been applied, and the polar distance is perhaps taken from a 
catalogue which succeeding observations have shown to he imperfect. 

The second part of this paper is intended therefore to furnish formulae, 
whereby the observer may introduce the required corrections without 
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undergoing the toil and loss of time which would attend a formal reccm- 
putation of the whole set of observations, and it will be remarked that 
the second hypothesis will also enable him to compute, by means of 
diticrences, a series for many nights in succession with quite as much 
correctness as if entire quantities had been used ; for in that case he 
has only to calculate the elements for the first night, and substitute for 
the value of d b the increment or decrement of polar distance, the other 
terms being virtually constant. 

It has always, however, been an evil complained of in operations of 
this kind, that by limiting the case to the actual time of maximum 
Azimuth, the powers of the observer are much curtailed, because he can- 
not take more than one observation on the same night. 

If observations, taken intermediately between the culmination and 
the time of the greatest Azimuth, were to be computed with reference to 
the meridian, it w'ould be indispensable to employ large quantities, and 
the operose formula; of Spherical Trigonometry, which would not only be 
laborious, but would not give so much accuracy as the method of eliciting 
the correction by means of differential terms. 

I shall explain this better by a reference to 
the diagram in the margin, wherein the two Arcs 
ZS^ ZS' are drawn very near to each other, the 
angle PSZ being a right angle, and it will be seen 
immediately how much more easily and accurately 
the angle PZS' may be found by computing the 
partial angle SZS', and deducting it from PZS, 
than by direct computation of the entire angle 
PZS' itself. 

I have introduced, in the first part, the ordinary rules for com- 
puting the elements at the time of maximum, with the view that 
those, for whose use these formulse are intended, may not need a 
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reS^rence to first principles, bnt have the subject in a complete state be- 
fore them ; and this must be my apology, should it be objected to me that 
I have presumed to intrude on the Society with propositions strictly 


elementary. 


In any spherical triangle A HC if the sides 
2* and c are constant, the sines of the angles 13 
and C w'ill attain their greatest values contempo- 
raneously. 



For the general equation is 

slu JJzz. sin C. 

sin c 


in which the term sin B is obviously a maximum w4ien sin C is a maxi- 


mum ; /. e. when Cz=. 


'^ ov f)^. 
*■> 


If, therefore, A represent the Pole, JB the Zenith, and C the place 
of a circunqmlar star ; when the Azimuth which is represented by the 
angle B is a maximum, the angle of position at C will be a right angle : 
in that case, therefore, we have 


1st. 

Cos A 

tan i. cot c 


2nd. 

sin JB 

sin h 

03) 



sin c 

•Ord. 

Cos a 

cos c 

(y) 



cos b 



But A represents the hour angle, or portion of sidereal space passed 
through between the instant of transit and that of maximum Azimuth ; 

/ 
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c, the complement of the Latitude of the place of observation, or c = ~ 

b, the polar distance of the star ; li the angle of Azimuth, and a the Zenith 
distance : consequently, if /' denote the seconds of sidereal time, the above 
equations are transformed to 

1st. ros (Lj./*) = * s J^ol. dist X fun 

2nd. sill. ’s Azimuth sin %’s Pol. dist X scc’h 
3rd. silt % 's Altitude z:: sir % s Pol. dist X stii K 

If t* be required in mean solar time, it must bo diminished in the ratio 
n. M. s. 

of twenty-four hours to 23 r>() 1, or it t‘ denote the seconds in mo-un solar 

time, then we have l^oir. r' — I^og. I' -J- ('oust. I ■f)!>t>31 27. 

Tlic corrections are al&o easily obtained from tables constructed on 
purpose. 

To take an example of this ; let the lime of tiie greatest Western 
Azimuth of the Pole-star be requiii-d on the Itli May, ItCJO, in Latitude 
2r 0' (P, as also the Azimuth and Altitude at tliat instant; the Longitude 
belli" 73“ Last of Green wieli, and tlie Polar distance I" .'R)' 0^ 

Hour Angle. Azimuth. Altitude. 

Pol. dist 1° fir/ (/' (dll ».44(»n03 sin 8.11W10.0 sir ().0(){)l(;})4 

Lat 24“ (/ (/' Uiit .0,(J4H'»n.3l sir 0.0392(in» sin <>.()0‘):JL3.3 

Space 30“ 17' I4."d cos 0.0!M(i!>34 sin n.43o2107 sin ‘).(K)!)4327 

1" 4o' 5."37 24“ 0' 3.5.''’B3. 

5 o7 3.08 Siderial time. Refraction -f- 0 2 0.83. 


22 ](J 3.10 A.R (% — O) at noon. 

Appt. Altdc 24 2 Ab.m. 

13 18 04.21 Sid. time 

— 2 40.37 Con". 


10 10 13.84 Mean Solar Time. 
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itherto the two sides A and c have been supposed to be correctly known, 
but it is not an unusual occurrence that a scries of observations is com- 
puted for many nights by anticipation, M'itli a Latitude merely approx- 
imate, and that when this element conies to be finally determined, correc- 
tions must bo applied to obviate tJie cflects of errors which may thus have 
been introduced. 


To find these corrections, we must differentiate the equations (a), (/3), 
( 7 \ with respect to c; whence we obtain 

^ - 1 . fan h , fan h , 

1st. — ain A. d A zz .-r: dc zr -t— ; . d>. 


sar c 


Sin- c 


^ tan h , tan h , 

/. — d A ~ . — i- . d/. ZZ — . . dx 

siii As sin- c sin a, sin c 


Whence — d /I = - dx = tan B. sec X. dx 
sin c 


2ud. cos B. Hi B — 


— sin />. cos c. (Ic 


sinr c. 
— tans B. tau" X. dx 


= — sin 1i, col c. dc 


„ , , — sin r. dc 

3q. • • sin «. uo :zi 

cos b 


, sin c , dc 

drt = J-. dc = . , 

sin a. cos b sin A. cos b 


da =: 


dx 


cos B 


zz sec B. dx 


To show the application of these formulae, let it be supposed that the 
parts of the triangle of greatest Azimuth had been computed previously 
for some nights in succession, with a Latitude deduced from an approx- 
imate series of triangles, and that instead of 24° 0' 0^, as supposed in the 



ON THE FORMULiE FOR CALCULATING 


y« 


last example, the Latitude was found to be 24* V 4.^. Then the operation 
will stand as follows ; 


d \ = 105" . 

B = I" 45' 

\ = -24“ 0’ 0" 

1 

Log 

Log 

See. 

Hour Angle 

2 02110 

tan 2* tG.Ul 

0.0;VJ*>7 

UBiGDl 

\ A'/.iinulli. 

Log 2.0-2110 . . 

Till! 2.111.141 .. 

.... 'I’an 1.011150 . 


Altitude. 

. Log 2.02110 

. Sec 0.000-20 

5 A. C. Log 




Corrections. . . , 

. . o-" 2 a Log 

CriGOTG 

1. "43.. Log oi;..iia 1' 

15. "05 . 

. Log 2-02 130 

11 . 

/ ;/ 





1st Compiitn. . . IG 

IGlGttt 

1 l.> 

5. 27 24 2 

45- 00 


u. 

M. S. 

0 ; 

h 



Correct vnhics IG 

iG i;v(>i 

1 ir> 

G. 70 214 

30- 71 



ItAvill also sometimes ha|)peu in practice, that a scries of observa- 
tions, computed with data drawn from an imperfc'et eatalojjuc of former 
years, re<iuircs to be corrected in conformity with the ‘superior accuracy 
obtained by modern observers. In that ease we must differentiate the 
same equations (a) (/3) ( 7 ) with respect to the Polar distance h, whence 
■we obtain 

... col c , , 

1 st - - sm A.d A ~ — „ , . d o 
coy 0 


dyl = 


cot c 


sin A. cos* b 




cos c 


sine, sin A. cos* h 


.db 


„ 1 A <■ 1 7 *^OS rt , , , ,7 

Or — ii A — d o = , • d i — cot a. sec h. d& 

sin a. cos If sin a. cos b 


2d cos — 

d ii = 


cos b. d h 
sin c 

cos b 


i\b 


Mf .1 

cos H. sin c sin A. cos X 


3d — sin a. da — 


cos c. sin b.Hb 
cos* b 


, cosc.stnh 

da = -T i-r* d o =: cot a. tan b. d b. 

sin a. cos b 
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*These formuliv, computed similarly to the former examples, will stand 
as follow. Suppose that (instead of 1°. 30') the polar distance had been 
1® 3-y ,34", but that all the observations had been already conrputed with 
the former of these values. Then we shall have d />» — — 20". 

(1 i = — ‘>0" Log Log 1.41 197 Log 1.41 197 

6= 1° 30' 0" Sec 0.00017 T.in a.-HOll 

^ — aj = 24“ O' 30" Tan i.0ia7» Tan 1.64070 

la A. Log 2.82391 

A = ('o.scc 0.00003 

X =: Sec 0.03927 

Correclions, 0.77. .Log 1.00783 28".40.. Log 1.4,V427. .0".32. .Log T.-joaou 

Isl. Coiin>(l. values,. 16 16 13.01 ... .1* l.i' H .37 21 2.4->.66 

CoiTccf values 16 16.14.61 1“ 1 1' 36.91" 24 2.4a.31 

In these computations, the correction is applied to the altitude with 
an opposite sign to that resulting from the formula-, as due to the 
'/.cnitli distance, the rationale of which will be evident. The formulae will 
evidently shorten such operations considerably, because there is no 
ricccssily for more than live places of decimals, unless the variations are 
very large, and thus, if we retain all the quantities but the variation 
of wc may compute a set of observations for many nights .in succession, 
by merely finding the variations which are occasioned in the other parts. 

In the work on the great Meridional Arc of India, which the Court 
of Directors did me the honor to have printed, the principle is examined 
(vide page IW,) of determining for how long periods some of the principal 
circumpolar stars of the Greenwich Catalogue may be considered as 
stationary in Azimuth ; and it is therein shewn that, during the 2' 
preceding and subsequent to the Maximum, the variation in Azimuth of 
the Pole Star is only 0.^25, a quantity less than the powers of our best 
instruments can be considered capable of detecting under ordinary 
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circumstances — similarly (3 Ursa* Minoris and 3 Cephei, the two stats in 
former editions of the Nautical Almanack nearest the J^ole, have 1' 23'*' 
and 1' 12'''' for their stationary periods. 

It must, however, he remarked, that the hypothesis, on which that 
enquiry is conducted, is not rigorous; for it is therein taken for granted 
that the same vertical circle will pass through the upper and lower 
positions of the star at e(|ual lapses of time before and after the iMaxi- 
muni, an assumption which, though perfectly admissible for the end 
therein proposed, w'ill not bear to be much extended : as for instance, 
suppose it were required to determiue what would be the eftect on the 
Azimuth, if instead of the precise instant of the Maximum, the observa- 
tion were made at any time before or after that phenomenon. 

To this end let PSZ be the polar triangle 
right angled at S, and let S' be the place of a 
star before or after arriving at S — Draw' the 
Arcs of great Circles PS', SS', ZS', and then 
since PS S' is Isosceles, if a perpendicular were 
drawn from P on SS' it would divide that side, 
and also the angle at P into two eciual and 
similar parts, so that \ibP,hZ denote the 
variations of the hour angle and Azimuth, we 
have 


Z 



1st. Tan PSS' = Cot J 3 P See PS 
2d. Sin h SS' = Sin J h P Sin PS 

Hence, because of the right angle at S, we have sin ZSS' zz cos PSS' 
and cos ZSS' — i sin PSS' and therefore the general equation becomes 
(vide Woodhouse's Trigon. page 157 — 3d edition). 
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Ian h Z — 

But cos TaS — 


cos PSS' 

cot US', sin ZS + sin PSS'. cos ZS 

cos PZ sin X 
cos PS — cos PS 


. j . COS COS 

And tan(f ZS — 

* cot PZ tan X 


sin ZS 


cos Z. cos X 


cos PS 

Consequently tan I Z — 

cot PSS'. cos PS 
sin X 


cos PSS'. cos PS 

cot SS'. cos Z. cos X + sin PSS'. sin X 

1 

cos Z 


tan SS'. tan X. sin PSS' 
cos~ PS. tan SP 1 

sin X cos Z 

tan SS'. tun X. sin PSS' ^ 


Where the upper sign is iised, when the star is nearer the Zenith, 
and tlie lower, when it is further removed from the Zenith than in the 
position of maximum. 

If in the former of these cases, which occurs in the Western Elonga- 
tion before, and in the Eastern after ariving at the maximum, we put 


/ ta?i SS'. tan'K. sin PSS'. 
cos Z 


sin 


0 


Then tan IZ — 


cos' PS. tan ^ 3P 
sin X 


. tan" 6 


OrBZ 


cos' PS. tan ^ iP. tan* 6 
sin K. sin I" 


in seconds of a great circle 
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/ 

Likewise in the latter case, which takes place when before the nyaxi- 
inum in the Eastern and after the maximum in the Western Elongation, 
if w e put 




tan SS'. ia?i-K. sh^SS')^ _ 


tan O' 


cos 


1 hen tan o Z — : = . sih' 0' 

sin X 


And h Z = 


cos- PS. fan 3 P. stir 0' 
sin X. sin 1" 


TJiis method is quite rigorous, but it is rather more operose than the 
nature of the case usually requires : before, however, proceeding to sim- 
plify the formula\ it may not be vrorth while to give an example of each 
of the cases above adverted to, and to that end let it be required to deter- 
mine what would be the correction to be applied to the Azimuth, if instead 
of the actual instant of maximum on the 4th May IBSO, the star had 
been observed thirty minutes before or after that occurrence. 

This computation will be most conveniently arranged according to 
the following form, premising that, in deducing the tangent of a very 
small arc from its sine, and vice versA., the easiest method is to add or 
subtract the Log. Secant, and that to deduce the tangent of an angle 
from the sine of half the angle, the easiest way is to add to the latter the 
Log. of 2, 4- 3 times Log. Secant; as is evident from the following con- 
sideration ; 


2 tClTt 0 

tan 2 ^ =: 2 tan 0. {I + taif 0 -f tan 0*, Sec.) 

tan 2 0 — 2 sin 0. sec <1. (1 -f- tan^ O') — 2 sin 0. see’’ 0 
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.7310240 Lo*;. o3"-830 54"-00o Log. . . 1'7324352 
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It will now be in place to explain how the above formula can^ be 
simplified, to which purpose let S\ be two positions of a circumpolar 


star at equal lapses of time before and after 
the maximum, so that the angles at P, viz. 
SPS', SPS'' may be equal to each other ; then 
if the diagonal S' S" of the Quadrilateral formed 
by the pole and the three positions of the star 
be drawn, it will intersect the other diagonal 
PS at right angles in a- and the two vertical 
circles ZS', ZS" (produced in the former case) 
will intersect the great circle PS obliquely in 
two points ff', a" making two very small tri- 
angles S' a a' , S" <r i" , each equal and similar 
to the other and right angled at a. Now in 
A ZSa which is right angled at S, if we denote 



as before hyhZ the variation or SZ a', we have 


1st sin SZ — cot (5 Z. tan S a'; or tan S o' zz. sin SZ. tan d Z 

S a' — sin SZ. h Z ^ sin P. cos K. d Z (a) 

2d cos a' — sin 9 Z. cos S Z 



= cos SZ. 3 Z ; and (/ =z~~ cos SZ. 3 Z 


3d ffS'ff' or Z. S' = cos SZ. 3Z (in A S'^a') 

And since tan a a' — sin S' a. tan S' 

Therefore <r a' = S' a. cos SZ. 3 Z (/3) 

Again in A PS' <t right angled at a we have 

Ist cos 3 P zz cot PS', tan Pa; but tanP a zz tan (P/9 — Sa) 


tan PS — tan S a 
* ' 1 -|- tan PS. tan S a 


zz cos 3 P. tan PS 


tan PS — 


Sa 

cos^ PS 


cos 3 P. tan PS 
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* 5 ff z: tnn PS, (1 • — cos B P). cos" PS zz sin 2 PS. sin^ h ^ ^ 

2nd Tan S'ff zz sin P it. tan BP zz sin (P S — S <f). tan B P 
S' IT zz (sin PS — cos PS. S a), tan B P 
Or S' a ■=. sin PS. tan B P. ( \ — cot PS. S it) 

zz sin PS. tan B P. (1-2. cos" PS. sin^ hBP) (0 

Combining now tlio equations (|3) and (g) we obtain 

ffff' = sin PS. tan B P. (1-2. cos' PS. sm' \B P) cos SZ. B Z 

~ tan PS. sin k. tan B P. (1-2. coi* PS. sin" B P). B Z (^) 

/, cos PZ sink \ 

I because cos Zo zz iT7r= nrr 

\ cos PS cos PS / 

and this value of air' answers for both the upper and lower positions, 
being subtractive in the former, and additive in the latter, with respect 
to the mean distance Sit. 


We have, therefore, generally 

Sit zz. Sit' ^ git' in which, by substituting the values given in Equa- 

tions (y) (a) ((^) we get 

Silt 2 PS. sia' Ih P = (sin P. cos k + tan PS. sin \. tan S P. (1-2. c<w' PS. siii’- ^ i P)). o Z 


BZzz 


sin P. co.vX. -^1 


sin 2 PS. sin" B P 

tan PS. tan k. tan B P. (1— 2. coi* PS. sin" ^ B 
sin P 


} 


sin 2 PS. sin" B P 

sin P. cos X. (I + cot P. tan B P. (1—2. cos" PS. sinr B P)j 


OrBZzz 


sin 2 PS. sin"' ^ B P 
sin 1". sin P. cos k 


( 1 + cot P. tan B P) nearly. 


Whence Log B Z zz Log sin 2 PS + 2. Log. sin ^ 8 P q- Log. cosec P 

-f Log. sec X -(- A. C. Log. sin V + M. cot P. tan BP Where M 

denotes the number 0.4342944019, &c. whose Log is 9.6377843, the upper 
or lower sign being used according as the star is above or below the 


maximum. 
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The nature of this last substitution has been shewn in my work on 
the measurement of an Arc of the Meridian (Page 01) and is simply thus. 

d (hy. log (1 + xy) zz = + d a;. (I + ar -|- ic* + &c.) 

hy. log ( I ± a;) = + (.r + ~ -p y ^ + &c.) 


Log (1 + a;) = + Mx. (1 + | &c.) 

in which, when x is very small, the series converge so rapidly that all 
terms but the first may be omitted, and we get merely 

Log. ( I jb a?) =: + 31 X. 

Therefore Log. (1 + col P. tan 3 P) — + 31. cot P. tan S P. 

Taking now the elements as in the first of the above instances, viz. 

PS =P .‘10' 0^; d P = 30'; P = 00“ 17' 14".0 ; X =: ‘IP 0' 0^ 
the computation will be as follows : 

To find 3f. cot P. tan S P 

9.03778 

9.11943 Tan. T 30' 

8.09472 cot P 

0.8.') 193 Log. of + 0.00071 1 1 

2 PS = .3“ 12' (/' . . Log. Sin 0.7108015 

^ a P = 3“ 45' 0^ . . 2 Log. Sin. . . 7.031 1970 

P Log. Cosec 0.0000330 

X = 24* 0' 0^ Log. See 0.0392098 

Ar. Co. Log. SinP 5.3144251 

a Z above 54^ 005 1 .7324381 

a Zbelow 5.3^ 829 1.7310159 


The above computations will shew that the approximate method may 
be quite as much relied on as the more elaborate one, and it will appear 
on pursuing the enquiry that, for about thirty-two minutes prior and an 
equal lapse subsequent to the maximum, the Polar Star only varies one 
minute of space in Azimuth in the latitude of 24” O' 0^. 



V. 


memohandum 


ON 

THE FOSSIL SHELLS 

DISCOVERED IN THE HLMALAVAN MOUNTAINS. 

By the Rev. R. EVEREST. 


I HAVE ventured to say a few words respecting the Fossils sent down 
from the Ifimalai/a niountiiins, by Dr. Gerard, because nobody else is 
about to do so ; and it is a pity that they should remain unnoticed. 

Ill doing this, I shall make no remark upon the general difficulty of 
identifying fossil shells with recent genera, as that is well known to any 
one who has ever attended to the subject. But to one who lives at a 
distance from means of reference, such a difficulty is greatly increased, 
since, in many cases, he must speak from recollection alone. Upon this 
ground I must plead for the indulgence of my hearers towards such 
imperfections as they may observe in this paper— my purpose in entering 
upon a branch of Geology, not the most familiar to me, will have been 
answered, if I can induce others to join in a pursuit, which circumstances 
will no longer permit me to continue. 
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To begin, then, with the specimens before us, in the relative ord^r of 
tlieir abundance, we have — 

1. First. Numerous blocks of a compact greyish silicious limestone, 
(in some parts passing to sandstone), filled with shells and casts of a 
small itiequivalve, eared bivalve, which do not appear to diftcr from the 
small Pecteus imbedded in the lias blocks from the Coast of Yorkshire, 
which we owe to the liberality of Mr. Tavlor. The shells themselves arc 
changed to a black colour as they are in that formation. As they are 
mostly mutilated, it is not improbable that other genera may hereafter be 
distinguished among them. One such I have recognized — a very transverse 
bivalve, not unlike IJnio, in external shape — but, as I could only find one 
cast of it, I have not attempted to give it a name — with this genus of 
Pecteus must be ranged two mutilated specimens, which we have in a dark 
bluish black limestone, and which arc only a variety — possibly only the 
same shell in a more advanced stage of growth — ^The generic marks are 
wanting, but by comparing them with a beautiful English specimen of 
Mr. Taylor’s, no doubt can remain as to their identity. 

2ndly. Many specimens of an inequivalved bivalve, which has been 
changed into a white crystalline substance, and from its hardness pro- 
bably contains much silex. They are imbedded in a hard slate of the 
same bluish black colour, which is covered with small scales of mica — 
They appear to belong to the genus Producta, and may be compared with 
a specimen of the same genus, the Producta Scotica, in Mr. Caldeb’s 
collection, and a plate of the same in Ure’s Geology. They differ some- 
what from this species by the greater flatness of the lower valve; but 
as most of the specimens have suffered from compression, it is difficult to 
ascertain what has been their natural shape. Besides the larger and 
more abundant variety of which we have been speaking, there is a 
smaller one, or rather some casts of one of its valves — the depression in 
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it is large and deep, and towards the heak appears some trace of a 
perforation and its operculum. 

3rdly. Several pieces of a bluish grey limestone, abounding in a 
plaited variety of Terebratula, and loose specimens of the same. The 
limestone has imbedded in it some calc spar of a yellowish white colour, 
and is partly covered with a yellowish earthy powder, of the colour we see 
in the oolitic countries. The shells themselves differ little from those 
which are so abundant in the inferior oolite near Bath and elsewhere, and 
which may be referred to in Mr. Calder’s collection — ^but without Mr. 
Sowerby’s Mineral Conchology to refer to, it is impossible to add the 
specific name. These blocks also contain No. 1. 

4lhly. Many specimens of an equivalve transverse bivalve, trans- 
versely .striated, and the valves crenulated on their interior margin. Its 
external shape is similar to that of a short variety of Unio, td which it has 
been referred, but internally it has no lateral teeth, nor any remnant of a 
lateral ridge ; and though the specimens we have are too much worn to 
shew what the teeth really were, they appear to have been situated 
directly under the beak. Its flattened and acute beaks, and form ap- 
proaching to that of a variety of fossil Trigonia of Mr. Calder’s, once 
made me incline to reckon it with that genus. Its shape too a good deal 
resembles a Venus, but its characters are not satisfactorily made out, 
and I have not access to any plate or specimen with which I can identify 
it. With these are some larger specimens of a triangular or rather subor- 
bicular bivalve, which, in external shape, resembles a Venus or perhaps 
a Donax, but the characters are not distinct enough for me to venture to 
give it a name. 


Othly. Several small very transverse equivalved bivalves, about 
three-fourths of an inch in length, and of a black colour ; they appear to 
be' of the genus Modiola. 

2 E 
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Gthly. Two small specimens'of a vaHety of Area. 

7thly. Several specimens of Ammonites in black limestone, some- 
times filled inside witU calcareous spar. There is but one species distin- 
guishable, which appears to differ little, if at all, from one of the English 
ones of Mr. Taylor ; but unfortunately I cannot refer to any book for the 
specific name. 

8thly. Belemnites — the furrow appears to be rather more distinctly 
marked than in the English ones. 

Othly. Orthoceratites, which do not appear to differ from the English 
ones. 


lOthly. A cast of a Vatelliform shell — but whether one of the real 
Patellae, or the upper valve of one of those species of bivalves, which have 
sometimes been confounded with them, we have no means of determining. 
Its shape is conical, and somewhat obliquely curved. 

llthly. Two fragments of the back of a testudinous animal, also in 
black limestone. 


We have, then, genera determined — of 


niVAI.VES. 

Producta. 

Terebratula. 

Pecten. 

, Modiola. 

Area. 

Altogether 5 

Undetermined, 4 

Total, 9 


UNIVALVES. 

Ammonites. 

Orthoceratites. 

Belemnites. 


Total Three Genera. 


Testudinous remains of one kind. 
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•Let us now see to what conclusions these genera will lead us. 

The three Chambered Univalves are all extinct genera, and the Nau- 
tilus, the only livirig analogue to the Ammonite, is wanting. 

Of these, the Orthoceratite has usually been considered the oldest, 
and characteristic of the so-called transition strata. 

The Ammonite comes next in age, and occurring sparingly in the 
transition strata, is deposited most abundantly in the Lias, and the other 
more ancient of the secondary strata ; then becoming more and more rare, 
as we advance to nigre recent deposits, it finally disappears in the strata 
above the chalk, that gS by the name of Tertiary. 

The species we have, though apparently coinciding with one of Mr. 
Tavi.ok’s from the Lias of Yorkshire, is not one of those which has the 
siphunclc in a raised ridge between two furrows, which are considered as 
characteristic of this formation. I have several times looked for such 
among the Salagrams in the Hindoo temples, but without success. 

The Belernnite is found from the Lias to the Chalk, both inclusive. 

On the other hand, the Spiral Univalves, which increase both in num- 
ber and variety as we approach the more recent formations, are with us 
totally wanting, nor have we as yet any other indications of such formations. 

Of the bivalves, the Producta is considered as the oldest genus, and 
is most abundant in the transition formation. The slate in which it is 
imbedded, is probably, therefore, a transition slate — the same which is 
the repository of the Orthoceratite. 
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The Terebratula, if not identical in species with those of Mr. 
Caldich, from the lower Oolite, is very similar to them, and totally 
unlike any from the newer formations. 

The Pectens, at least the larger variety, do not appear to differ from 
the common Scallop which is found recent. 

The shell I have called Trigonia, cannot be compared with any fossil 
specimens we have. The genus is, with one exception, a fossil one. 

The generic characters of the Area and Modiola, are tolerably well 
marked ; but Ave have neither plate nor specimen from which to identify 
the species. They are not, however, important. * 

The testudinous remains seem to point to the Lias, or some of the 
secondary strata, that being the deposit in which the remains of reptiles 
occur most abundantly. In strata more ancient than that, they are nearly 
(if not quite) wanting. It is to be hoped that the spot where these two 
fragments were found, will be again diligently searched — we must forbear 
from indulging in too sanguine anticipations— but such a search can hardly 
fail of rewarding us with some interesting discoveries. 

Noav, if we consider the Orthoceratite and Producta, as peculiar to 
one formation, and the rest of our specimens to another, (the Terebratula, 
perhaps, being common to both) and compare them with the list of Lias 
fossils, we have, — of Chambered Univalves — tw'o genera the same, out of 
four ; viz. Ammonites and Belemnites — of Bivalves, four genera the same 
out of eighteen; viz.* Terebratula, Pecten, Area, Modiola. We may 
now then consider this position as established. That there exists in the 
Himalaya range, strata analogous to the early secondary and transition 
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formations of Europe. How far that analogy may be complete or not, 
must be left to future investigation. But the wonderful similitude which 
has, as yet, obtained in fossils from different parts of the world, leads 
us to hope that the principal members of each group will be hereafter 
supplied. While we are on the subject, however, M'e cannot so well 
estimate the real amount of progress we have made in the question, as by 
recapitulating, on the other hand, the leading names in each division, 
which are as yet wanting to us. 

We have nothing either of Encrinal or Coralline remains, which are 
so abundant in the transition rocks of Europe, that their absence here 
seems remarkable. We have none of the extinct order of Trilobites, the 
presence of which is peculiar to transition rocks. 

We have no remains of the two vast marine lizards, the Icthyosaurus 
and Plesiosaurus, the bones of which every where mark the presence of 
Lias, and (I speak from authority in saying) without the discovery of 
which, we must not attempt to use the term Lias in Indian Geology. We 
have neither of the three shells, the Ammonites Bucklandi, the Plagios- 
toma Gigantea, and the Gryphoea Incurva, which are also considered as 
characteristic of that formation — nor have we any of its vegetable remains, 
which are both numerous and interesting. 

I must now again beg to be excused for the imperfections of this 
paper, and the great length to which it has been extended. 


Note.— Since the above wa.s written. Sir Chari.es Grev has kindly put into my 
hands some specimens he has just received from the same quarter — Mr. James Prinsep 
has also favoured me in a similar manner. — ^They are as follows : 

1st. The two former varieties of tl>e shell I have called Producta — a third, which 
can hardly be said to differ from the Producta Scotica— besides what appears to have been 
the larger valve of an inequivalved Bivalve resembling Producta — the hinge straight 
linear ; tlie shell marked with longitudinal furrows alid ridges, and a deep depression, as 

2 P 
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in lliat genus, hut at the heak is a large angular sinus, with what appears to have been 
an operculum, and ligament protruding — Spirifcr t 

2tlly. Terebratulites, the same as the others, and at least two new varieties — ^both of 
the plaited kind. 

3dly. Repetitions of the Bivalve, lhave before spoken of under the third head. 

4tlily. Another impression of the same patelliform shell, as before mentioned. 

5thly. Three broken pieces of a Bivalve shell, greatly resembling the Inoceramus, 
for which I beg to refer to the plates in Ci;\ lER. 

Gthly. Two casts of Spiral Univalves, which appear to be Cirrus and Helix. The 
first may be compared with a Cirrus from the chalk, and another from the Oolite forma- 
tion in Mr. C alder’s collecti<m, so that no doubt can well be entertained as to the name. — 
The one I have called Helix resembles the elongated variety, which is called Helix 
vivipara. It ma^ he compared with tlie casts in a piece of Fetw^jrth niarhle, which we 
have. But tlierc* arc other genera to which it may be ascribed — perhaps Turbo, for one of 
them. 

7tlily, Two small varieties of Ammonites, both much worn, and wv have nothing 
to refer to for the specific name. One of them has the Siphuncle in a raised ridge at the 
back. There is also an imperfect cast of another variety, which hardly di dors from one 
we have from Mr. Taylor, and named in his list as Ammonites Planicosta. Wo have 
then here three additional genera, Cirrus, Helix, and Inoccrarnus (^) — besides a multi- 
tude of broken and worn impressions of the genera before described, willi many nodules 
of what I believe to be clay ironstone; but I have not yet had time to examine them 
sufficiently. 

Or. Falconer has found the specific gravity of some of those nodules to be 3*00, 
or nearly so ; one or two that we have broken, have shewn ns Ammonites covered w ith 
a thin coating of Pyrites. It would always be better for Collectors to split these nodules 
as carefully as possible, when they are found, instead of sending them down whole. 


BEFERENCE TO PLATES I. AND II. OF HIMALAYAN FOSSIL SHELLS. 


Figure 1. Oibulitc. Fig. 2. Ammonite. Fig. 3. Ditto. Fig. 4. Orbulite. Fig. 5. Ammonite. 
Fig. 6. Ammonite. Fig. 7. Orbulite. Fig. 8. Helix or Turbo ? This Shell is represented rather too 
large in the drawing. Fig. 9. Oobulite. Fig. 10. Cast of a Patelliform Shell. Fig. 11. a, b, Cirrus. 
Fig. 12. Turrittclla? Fig. 13. Undetermined. Fig. 14— 15. Orthoccratites. Fig. IG— 17. Belemnites. 
Fig. 18. Fragment of a Testudo, Fig. 19. Fragment of Rock, containing small mutilated Pectens 
and other genera imbedded. Fig. 20 — 21. Pectens. Fig. 22—23. Producta. Fig. 21. Tcrebratula. 
Fig. 25. Spirifei ? Fig. 20. a, b, c, d, The supposed Unio. Fig. 27. Area. Fig. 28. a, b, and c, 
Modiola. Fig. 29. Fragment of an Inoceramus? 








VI. 


ON THE 

GEOLOGY OF THE PENINSULA. 


Ur LIEUT. S. CHARTERS MACPHERSON, 


Afdcfras Surrey DepartmenL 


The mountain groups of the Indian Peninsula, which are referrible in 
their immediate connections to either line of Ghauts, may, in the compre- 
hensive assignment of relations, be regarded as the continuation of the 
branches, which, depending from the Himalayan chain, merge in the plains 
of the Ganges and of Sinde respectively. And apart from considerations 
of geographical analogy, the region which declines on the north of the 
Kistna, from llydrubad towards the Coromamlel shore, bears similitudes 
in superficial character to the mountain lines to which it claims affinity. 
This tract of the eastern declension of the Peninsula is Primary ; and 
as the overlying formation which proximately succeeds it to the West- 
ward, prevails thence continuously to the opposite coast, it presents 
complete, the series of that division displayed in this parallel. Its plane 
is eminently traversed by the three hilly ranges of Hydrabad, Conda- 
pilly, and Beizwarra, which, with a general north-westerly direction, 
tend to convergence to the southward. And of these, the Granitic district, 
M'ith its subordinates, embraces the first, extending to the rise of the 



116 


ON THE GEOLOGY 


Gneiss facade, which forms the western exposure of the second. The 
gneiss tract passing to quartz rock, the latter alone constitutes the 
eastern quarter of the Condapilly cluster, while the final range of Beiz- 
warra displays an extended deposit of argillaceous schist. The granitic 
region exhibits in external configuration the ordinary classes of unstrati- 
fied forms, but with diffuse variations in mineral character, presents no 
determinate connections betwixt the elementary modifications, and those 
of arrangement in mass. The rocky environs of Hydrahad, chiefly assum- 
ing the concretionary structure in prisms, vertically superadded to the 
bedded form, afford in disintegration a wild assemblage of columnar 
and cubic fragments; while irregular masses, wasting with spheroidal 
contours, rise in the same vicinity in isolated mountain domes. The range 
appears boldly compacted beyond the plain of the Moussy, one of the 
numerous feeders of the Kistna, which here reticulate the land, and with 
slight elementary alteration, a laminal tendency is there combined with 
the bedded structure. The rock is of quartz and felspar, and usually 
porphyritic by additional crystals of the latter, and the hue and lustre of 
the quartz communicate a reddish shade, while neither the rounded nor 
the prismatically fragmented characters continue eminent. In the course 
of an easterly transverse valley, the bedded masses persisting upon a 
cumbrous scale, the contours incline again to asperity and opake quartz, 
with hornblende, slightly diffused, predominates in the rock. Beyond 
Singaveram appear extensive masses of magnetic iron ore, now level 
with the granite of the valley, now irregularly emerging over it, and 
accompanied by beds of hornblende schist,* usual to this mineral in 
primary sites. The approach to Malhapur is marked by a general 
retirement of the hills, and an abraded rock overhangs the hamlet as a 
large cupola upon the plain, alone affecting departure from the rugged 


* By this term varieties of Primitivq Greenstone are conveniently comprehended. 
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outlines around ; and the transection of the range being here com- 
pleted, its eastern flank extends with well-sustained elevation to the 
southward, presenting no marked deviation from the lately prevalent 
characters of form. Rare granitic elevations are scattered over the plain 
that succeeds, and beyond a tract of arid and incumbered wastes, the sur- 
face becomes less difficult, with altered vegetable characters ; hornblende 
schist alternates with quartz rock in wide undulating courses, and around 
NarhuilpiUy, the granite is determined to crested summits, by the occa- 
sionally vertical disposition of its beds. Towards llylep&malt, a sur- 
face simply granitic, recurs, and felspar predominates in the soil of Soria-, 
pr/. while hornblende rock indistinctly stratified, and of massive texture, 
occasionally appears. The low, bald hills of Mnng-al, Kamcrahanda, 
and Godavcram, slowdy descending through laminar disintegration to the 
superficial level, are frequently pervaded by veins of jasper, becoming 
cancellated on exposure : the materials of the rock and vein frequently 
intermingle, but while fragments of the former appear isolated in 
the latter, both unaltered and in the grades of assimilation, the 
venous matter does not occur under reciprocal circumstances in the 
rock. In some instances also, through combination of the prismatic 
and bedded structures, the granitic surfaces in this district afford 
tabular aggregations of short vertical prisms, the rock varying in 
constitution betwixt gneiss and splintery hornstone. Immediately 
beyond the village of Shair Mahomed Pel, an extensive mass of Horn- 
blende Schist is disposed in the great basis both in the manner of inter- 
ference and of superposition : and a stream bed displays the course of an 
emanating vein in which the felspar, having by this accident of locality, 
passed to some depth to the state of indurated clay, this portion of the 
rock assumes the constitution and aspect of grey wacke, while the prin- 
cipal bed remains an unaltered greenstone. In the water-course were 
abundant fragments of compact red iron ore, rolled, with vitreous glaze, 

with occasional masses of calcareous tufa and of quartz, including 

2 G 
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crystals of white and flesh-red felspar, while the granite around deviates 
widely into constitutional irregularities. In the neighbourhood of Nun- 
fji^aviah, primary limestone, chlorite schist, and white slaty quartz rock 
appear, I could not ascertain the site in mass of the first, a clear lime- 
stone, laminated by argillaceous matter. The chlorite occurred foliated 
with laminar (]uartz, and scaly with greyish compact felspar and 
quartz : the former variety being of the usual splendent lustre, and occa- 
sionally tending to talcose schist. Beyond the village, hornblende and 
chlorite schists appeared in frequent alternation, and aftbrding rich cotton 
moulds : the strata of hornblende were nearly vertical, while the incli- 
nation of the chlorite w’as under 70' ; and a general conformity was 
maintained, amid the frequent intrusion of granitic veins, until approach- 
ing the western face of the Cundapilly group, which rises boldly interchain- 
ed near Parleal: these tracts are lost in an alluvial plain. The great 
alluvium of Pllore, extending betwixt the Deltas of tlie Kisfna and the 
Godaven/, here intervenes ; and it exhibits a layer of superficial mould 
resting upon an uniform calcareous deposit which covers an apparently 
co-extensive bed affording the diamond, and in the neighbourhood of 
Parteal, formerly the most productive of the jewel-bearing spots of Got- 
coiula. The superficial mould is fifteen feet, the tufaceous bed being 
from five to six, and the diamond stratum of two feet in average thick- 
ness. The obscurity attached to the geognostical history of the diamond, 
seems rather to result from inadequate investigation in persistent geology, 
than from the perplexed texture of alluvial connections with which it is 
frequently associated. Its common matrix in India and Prazil appears 
to be a superior sandstone conglomerate, closely affined to the carboni- 
ferous rocks, and to this series the transported alluvia •which afford the 
gem may be uniformly assigned. But while its rich depository in this 
tract does not essentially differ in constitution from the diamond rocks of 
either hemisphere, it is remarkable that the overlying tufaceous bed, in 
which the gem has never appeared, is identical with it in materials, only 
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witli the addition of calcareous cement. Pebbles of sandstone, hornstone, 
quartz, jasper, and flint, with fragments of occasional rocks, epidote, 
and abundant ferruginous sand constitute the common materials, while 
both the Kistna and its supplementary streams are extensively connected 
both with the gangue rock of the diamond, and with calcareous tracts. The 
western facade of the Condapillff range is of granitic gneiss, in which 
the ordinary ingredients are disposed in compact parallelism, and the 
strata inclined at an angle of about 75®. A detached mass displayed the 
intrusion of a vein of hornblende, into which the granitic matter entered 
in tlie filamentous form, and fragments of ochry iron ore appeared scat- 
tered on the surface. A double breach through this and the Jieizvmrra line 
of hills, here allbrds to the Kistmi an escapq towards the ocean, the farther 
chasm appearing in the outline of argillaceous summits. Along the north- 
ern base of the first intersection, the gneiss passes by the gradual demis- 
sion of mica to quartz rock, and upon the side of CondapiUtj the range 
presents an aspect essentially different from that of its opposite quarter. 
Tlie summits were there obtusely moulded, their contours broken or 
minutely serrated, and marked by projections of rifty clift’ : the 
transverse valleys rare, and deeply channelled by mountain streams. 
Here the outlines are rounded upon scales of great radii, the fragmented 
aspect is wanting, and the mountain flanks are projected not in preci- 
pice or cliff, but in broad smooth convexities, the side shields broken 
by transverse steppes, and cumbered by dependant verdure. The 
quartz rock, of quartz and felspar, affords numerous varieties of white, 
reddish, and purpled hues. It is inclined at an angle somewhat more 
acute than the subjacent gneiss, while the presence and frequent predo- 
minance of garnets in the mass extensively modify its characters, and 
the alamandine or precious garnet, variously tinged, and of superior size 
and beauty, is found abundantly in the mountain torrents. The range of 
Beizwarra rises with soft outline beyond a succeeding plain. It consists 
of coarse and thickly fissile argillaceous schist, inclined in texture and 
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stratification at angles of from 40“ to 00“, and through the exuberant pre- 
sence of unessential minerals, both venous and imbedded, it exhibits modi- 
fications of rich variety. The rock is sometimes simply constituted of 
argillaceous matter with mica and quart/, sand : in other portions it is 
traversed in all directions by filamentous veins of pearl and calcareous 
spars, and through these often affects the minute contortions proper . to 
gneiss, while veins of spathose iron, and of quartz rock, frequently occur, 
disposed indifferently to the lines of stratification. To the soutliward, 
at Cottah Mangala<r harry, it embraces, at least from one quarter, an elevat. 
ed and indistinctly stratified mass of serpentine, which sole example of 
this rock observed in India, 1 regret to say, remains unexplored ; and 
assuming to the eastward a more uniform and finely schistose character, 
it sinks gradually to the ocean level, upon the whole affording the 
annexed constitutional and Mineral Synopsis. 

1. Argillaceous Schist, schistose from the disposition of Mica and 

Garnets. 

2. Argillaceous Schist, laminated by l*earlSpar and Staundite. 

.3. Argillaceous Schist laminar, with pink Garnets, Staurolite, and 
Mica. 

4. Argillaceous Schist with Staurolite, Tremolite, and Mica. 

a. With Staurolite and Kyanite. 

it. Mass of Tremolite with Kyanite Garnets and Prismatic Mica. 

7. Quartz vein with Calcareous spar and pink Garnets. 

8. Quartz vein with Garnets in ranges, and perhaps Epidote. 

9. Vein of Tremolite with Brown spar. 

10. Mass of Tremolite, Staurolite, and Pearl spar. 

11. White Pearl spar including Bitter spar. 

12. Flesh-red Pearl spar. 

18. Vein of striated Spathose Iron, with Crystals of Pearl spar. 

14. Vein of purplish Quartz with Garnets. 
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The relations of succession and of magnitude presented by this 
section may be deemed to exhibit in the extreme, the prevailing principles 
of Geological Association. The space occupied by granite, with its subor- 
dinates, equals three-fifths of the whole, one-fifth of the remainder being 
allotted to gneiss and quartz rock, while argillaceous schist, upon the 
superior limit of the series, equals the two last in extension. Tho 
transition of granite to gneiss by the intervention of limestone, horn- 
blende, and chlorite, and the apparently direct passage of quartz to 
argillaceous rock, are in the spirit of somewhat ditiicult graduation, but 
the methods of approximation and of transition, here less perfectly dis- 
played, must appear under circumstances of the highest illustrative 
interest at the points of interference and collision of the series in its 
southward progress. In rc. pcct to economical suggestions which arise 
upon first regard, the extended plain of Eilore, the Golconda of proverb, 
yet remains intact, being but slightly encroached upon in the vicinage 
of a few hamlets, and if this tract may not again degrade the jewels of 
the earth, the speculation of glittering increase from it may be entertained. 
The groups of Coudapilly and Beizwarra are stored with gems of the 
garnet tribe, and with varied mineral abundance, while the coast hills to 
the southward appear distributed in rich and nearly continuous succes- 
sions of metallic deposits. And while nations of the western hemisphere 
assume a new genius through enterprise, awaked by their mineral advan- 
tages, the physical developement of these regions may conduce no less 
eminently to the interests of science and of wealth. 
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ON THE MIGRATION 

OF THE 

NATATORES AND GRALLATORES, 

AS OBSERVED AT KATHMANDU. 


By B. PL HODGSON, Esq. 

ACTI.'^U HESlDENr AT KATH.MAN»U 


The mlgratioD of birds is a subject which has, I believe, occupied and 
puzzled the observers of nature in all ages of the world, and which i.s still 
but very imperfectly understood. Were persons in various parts of the 
globe — particularly in such situations as are favorable for observation — to 
note down and make knowm the results of their individual experience, we 
might hope more speedily to arrive at the solution of the mystery, by 
collecting and comparing such scattered records. With this view, I beg 
leave to lay before the Society the general results of my observation of 
migrating birds, in the valley of Nepal; and, as the grallatorial and nata- 
torial tribes would seem to be, at least in tlie East, the great and steady 
nomadic class of the feathered creation, 1 shall, in this paper, confine 
myself to them. 
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The valley of Nepal in shape resembles an oval or rather a diamond, 
being about sixteen miles in largest diameter either M'ay ; it is situated 
about half way between the plains of India and those of Tibet. The 
distribution of its seasons is essentially tropical ; the valley is ele- 
vated above the sea about four thousand five hundred feet ; and conse- 
quently the temperature averages from ten to fifteen degrees of Fahrenheit 
lower than that of India generally. The face of the valley is bare of 
wood and jungle, nearly every part of it being under cultivation, of 
which rice forms the principal object ; and its population is dense 
and spread, at all times, for one industrious purpose or other, over 
almost every field in the country. The streams are numerous, but 
shallow! j)ermanent swamps are small, but fre(pient. From the 
middle of November to the middle of February, little rain falls; the 
soil becomes gradually and slowly desiccated of its autumnal load of 
moisture ; the cold is too severe for winter crops ; and, hardly a blade of 
grass, or of corn, is then to be seen. From the middle of February to the 
middle of June, various sorts of mustard, pulse, field vegetables, and 
wheat, successively occupy a dry soil, which is daily growing drier; the 
accessions of fresh moisture from the spring showers being very moderate. 
From July to October the rains prevail, and rice covers the greatest part 
of the land; which is flooded, to promote its growth, in the earlier months : 
in the later months, as the successive crops ripen, the water is no longer 
artificially retained. The rains terminate usually with September: the 
first crops of rice are cut in the earlier fortnight of that month ; and the 
last crops in the concluding half of October. 

These general remarks upon the position, climate, and aspect of the 
valley wdll prevent the necessity of reiteration, by showing at once how far 
the country is fitted for the temporary abode of the birds alluded to : and, 
with reference to those birds which seek and frequent moist woods, it is only 
necessary to add, that the mountains confining the valley are covered every 
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where with the noblest garniture of trees and copiously supplied with rills, 
and with mould saturated by these rills. 

The wading and natatorial birds, generally, make a mere stage 
of the valley, on their way to and from the vast plains of Iridia and 
Tibet, the valley being too small, dry, open, and populous for their 
taste — especially that of the larger ones. Some, however, stay with 
us for a longer or shorter time, in their vernal and autumnal migra- 
tions ; and some, again, remain with us throughout that largo por- 
tion of the year, in which the climate is congenial to their habits. Of 
all of them, the seasons of arrival, both from tlic north and from the 
south, are marked with precision ; and I am led to conclude fr<Jm what 
I have observed here, tJiat the mass of the grallalores and swimmers are 
found in the plains of India, only during the cold months : for they all 
arrive in the valley of Nepal, from the north, towards and at the close of 
the rains; and all as regularly rc-appear from the south, upon, or soon 
after the accession of the liot weather. In my enumeration of them, 
therefore, I shall divide the birds into the three classes, above indicated. 

1st. — Of such as usually pass over the valley, seldom alighting, and 
only for a few hours. 

2d. — Of such asalightandstay withusfor afewdays ; or, utmost, weeks. 

3d. — Of such as seem to seek the valley — not as a caravansary 
merely, or house of call, for momentary or temporary sojourn in, on their 
way to some remoter abode — but, as their permanent dwelling place 
for the entire season. 

A 4th class will be constituted of such as do not appear to migrate 
at all ; notwithstanding that all their nearest kindred (so to speak,) do so 
regularly. 
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Class I. embraces — 

Order Natatorrs. Family Analidce ; the Genera Cygnus and Anser; 
Family ColymhiUa;, none; Family none. Family Pdecanidai ; 

the Genera Fhalacrocarax and Pelccanus. Family iaWt/fC ; the Genera 
Sterna, Viralva, and Larus. 

Order (5 iiARLATORES. Family the Genus Grus. Family ..dr- 

dcid<v ; the tiencra Ardea, Phenicoptcrus, Platalea, Ciconia, Myc- 
leria, Anabtonns, Tantalus. Family ScolopucUhv, none. Family Rallidai 
the Genus Glareota. Family CliaradrUuUc ; the Genera llimantopus and 
*vEditncmus. 

Class II. embraces — 

Order Ts'atatorrs. Family Anatida ; the following Genera, Tadonra, 
Anas, Hyiicliaspis, Uatila, Mareca, Qiierciuedula, Merganser, Truligula. 
Family Cohfmbuld:, none. I'amily Alcada;, none. Family Pcleranidcc i 
the Genera Phalacrocorax and Pelecanus. 

Order Guallatores, Family Graidtv ; the Genus Anthropoides. 
Family Ardeidfc, the Genus Ibis. Family IScolopacUhr ; the Genera 
Numerius, Limieula, Recurvirostra, Limosa, Rhyncha’a, Pelinda, Pha^opus. 
Family Rallidre; the Genera Rallus, Parra, Gallinula, Porphyrio, Fulica. 
Family Cliarudriadce ; the Genera Erolia, Squatarola, V anellus, Charadrius. 

Class III. embraces — 

Order Natatores. V Simily Anatidte ; the Genera Mareca and Quer- 
quedula, (where prolecled, as in some sacred Tanks). Family Colymhidw, 
none. Family Alcadw, none. Family PelecmidcVi none. 

2 1 
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Order Gbat.latores. Fiimily Gruida\ none. Family Ardeidee, the 
Genera Botaurus, Ardeea, Ciconia, Family Scohtpacidee, the Genera Gal- 
linago and Scolopax. Family Jlallidm ; the Genera Parra, Rallus, and 
Fulica, (where protected, in holy Tanks). Family Charadrtada; ; the 
Genus Charadrius, (one small species of.) 

Class IV. embraces — 

Order Natatoues, none. 

Order Grallatores. Family Gruid(v, x\owe. Family ylrr/ciV/a?; the 
Genera Ardea, (small species, or Baklas, only) and Nyeticorax. Family 
Scolopacida' ; the Genera Totanus ? and Gallinago ? Family the 

Genus Rallus. l^amily Cluiradriadec — the Genus Vancllus, one species 
— the Tithiri. 

N. B. — The notes of interrogation merely denote a doubt whether 
the Genera so indicated belong to Class lil or IV. 

REMARKS UPON THE ABOVE ENUMERATION. 

The Grallatorial and Natatorial birds begin to arrive, from the 
North, towards the close of August, and continue arriving till the middle 
of September. The first to appear are the common snipe, and jack 
snipe, and Rhyncluua ; next, the Scolopaceous tvaders (except the w'ood- 
cock ;) next, the great birds of the heron and stork, and crane families ; 
then, the Natatores; and lastly, the woodcocks, n hich do not reach us 
till November. The time of the re-appearance of these birds, from the 
South, is the beginning of March ; and they go on arriving, till the mid- 
dle of May. The first which thus return to us are the snipes ; then come 
the teal and ducks ; then the large Natatores ; and lastly, the great 
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cranes and storks. It will be noticed that the Grallatores which visit tis, 
or pass over us, are much more numerous than the Natatores ; and, unless 
I am mistaken, observation in the plains of India would satisfactorily 
prove that this is a just and decisive indication of the superior prevalence 
of wading over swimming birds in that extensive region. India, I fancy, 
is too hot for the taste of the Natatores — a great majority of tvhich seem 
to afl'cet arctic regions, or, at least, high latitudes : I throw out the 
remark for canvass and cmpiiry : and, for fear I sliould deceive any one 
by the display of the (rciui.s ‘ (.‘ygnus’ at the liead of niy list, I must 
add that the wild swan was never seen here but once, in the mid winter 
of 182 !}, when the apparition suggested a new version of the well known 
hexameter — 

‘ Kara avis ia tern's, alhoque simillima ry»;iio/ 


Such a bird is never seen, t suppose, in the plains of India? 

None of the Natatores stay with us, beyond a week or two, in autumn, 
(when the rice fields tempt them) or beyond u few days, in spring; 
except iho teal, the widgeon, and the coot, which remain for the whole sea- 
son, upon some few tanks whose sanctity precludes all molestation of 
them. There are cormorants throughout the season upon the larger 
rivers within the mountains; but none ever halt in the valley, beyond a 
day or two : for so long, however, both they and pelicans may be seen, 
occasionally, on the tanks just mentioned. 

Lest any one should admire my enumeration of Larus, and Sterna — 
birds which usually affect the high seas — I think it proper expressly to 
say that I have killed both the red-legged Gull, and a genuinely pelagic 
Tern, in the valley! But, so have I Jishing Eagles; and, in truth, who 
shall limit the wanderings of these long-winged birds of the Etherial 
expanse ? 
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It will be observed, that I have not followed the arrangement of Cuvier, 
but that of Stevens, apud Shaw. The latter is adopted from our distin* 
guislicd English Zoologist, Vigors; and as I think his distribution of 
Girds possesses many advantages, I have given it the preference to that of 
Cuvier, how mucli soever 1 may reverence the genius and knowledge of 
this distinguished Naturalist. Perhaps it may be objected to my enume- 
ration that it ought to have descended to species ; to wdiich I answer that, 
besides the prolixity of such a catalogue, the avowed principle of the <lis- 
Iribution of the feathered tribes which 1 have followed, is, to separate 
into a distinct genus, every bird or small group of birds which is distin- 
guished by any marked peculiarity of organization or manners, whence 
it is probable, that my gencrical enumeration will suffice for every useful 
purpose. 

Nipal Rfsikency,^ 

5//t OcloheVf 1831. 3 
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THE WILD GOAT, 

AND THE 

WILD SHEEP, OF NEPAL. 


By B. II. HODGSON, Es<j. 

ACTING RESIDENT AT KATHMANDU. 


1. — The JnXuAL Wild Goat, Capra Jhdral. rMihi.) 

Habitat, juxta-Himalayan Mountains of Nepal. 

SPECIFIC character. 

Goat with short, thick, simply recurved, sub- triangular, sub-compressed, 
carinated horns ; sharp above, flat beneath ; towards the tips, smooth and 
rounded : with beardless chin and double coat. 

This capricious, vigorous, and agile, yet tractable and intelligent, 
animal, measures from the tip of the nose to the root of the tail, four and 
a half feet nearly ; and stands two and a half feet high, at the shoulder. 

His peculiar habitat is confined to the regions in the vicinity of the 
snows — but I am not aware that he ever ventures amongst the actual 
glaciers. He is capable of enduring, perfectly well, the heat of the valley 

2 K 
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of Nepal; and can be tamed and brought up in confinement, there^ with 
the greatest facility. He possesses entirely the characteristic manners 
of the genus, so finely delineated by Buffon. Soon after his capture, (if 
he be taken young,) he becomes content and cheerful ; and, within a year, 
he may be safely let out, to graze and herd with the tame sheep and 
goats. Intelligent and observant, he gives the keeper little trouble ; and 
is an annoyance to the fiock, only by reason of his wantonness : but, 
ever and anon, as it were in sheer contempt of sobriety, he will display 
the most amazing feats of activity, and the most fantastic freaks of 
humour. He is very wanton ; and so ardently courts the tame females 
he may be turned amongst, that it is often necessary to deprive him of 
the tips of his horns, lest he gore them to death ; or else to segregate and 
confine him. I have known him to have had sexual commerce with 
sheep, goats, and even musk deer; but never, to have begotten young 
by any of them. From the tame goat he is eminently distinguished 
by the superior compactness of his frame, length of his limbs, and ex- 
pressiveness of his head ; as well as by his fine deer-like ears and 
tail. 


The body is shortish, full, and compact ; the limbs, long but stout : 
the head moderate, with great vertical dimensions ; small fine muzzle, 
and slightly cohvexed forehead, running in one uniform plane from the 
setting on of the horns to the termination of the nasal bones: neck, 
longish and slender, bowed out and down : ears, small and finely formed, 
erect, very moderately opened, having short hair outside, and naked 
almost, within: tail short, depressed; base broad, rapidly pointed: 
muzzle diy : no lachrymary sinuses. The Jh&ral^ in his ordinary quies- 
cent attitude, has the back slightly arched ; the withers lower than the 
croup : the hind quarters very slightly stooped ; and the neck, in a 
small degree bowed, after the fashion of deer and antelopes. There 
is not a ve*tige of beard on bis chin; the entire, lower part of the head 
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being as closely shorn as the upper surface. Upon the neck, especially 
the superior surface of it, — and upon the top of tlie shoulders, the hair, 
is considerably elongated, and has, v^hen the animal is in hne con- 
dition, a length of seven or eight inches. The rest of the coat is only 
of moderate length ; and is full, fine, loosely applied to the body, straight, 
and mixed with a small portion of very fine wool at its base. 

'I- 

The long hair of the neck and shoulders is wavy, straight, and part- 
ed on the ridge, or apex of the body. The general colour is slaty gray, 
mixed with rusty on the fianks : forehead, and top of neck and back, 
red brown or dusky brown : fronts of th,e limbs, ' below the hocks and 
knees, the same : a line from the eye to tire gape, and a lateral patch on 
the lower lip, the same: tips of tail and ears, black: base ofitail, but- 
tocks behind, and round the eyes, clear rusty • inferior Surface of thn 
head, impure yellowish: neck below, and centre of the belly, and insides 
of limbs, the same ; but smeared with slaty : irides, brown red : innzzle, 
hoofs and horns, dusky black. ,,, 

' 5 , ' 

As it is by the homs chiefiy that we are enabled to separate the 
species of this genus, 1 shall add a few more words upon them to the 
careful enumeration of diagnostics in the Specific character. The Jh&rari 
horns ascend very little above the crown of the ibrehead, being directed 
backw^ards with a strong convex curve which accurately describes a small 
segment of a circle ; in as much as there ^ no pd^filiar twist towards the 
extremities of the horns. At the^aso they are in contact \ and the sepa- 
ration of the tips is, rather cieated.by-.gi^adual attenuation than by diver- 
gency. Directly ahove^/ the' ’ l»orh«f p|ejsent a sharp' edge ; which, towards 
their base8,.ia strongly but plain, forwards; and below, a broad 
surface/forming the^j^lbii^j^i^i^e of the triangle, , ,fhe other two sides of 
which are the lateral 60(aeei dltho- herns. . ' 



132 


THE WILD GOAT 


But there is a slight convexity, as well on the inferior, as orj the 
lateral surfaces ; and the angles below are somewhat rounded off. Hence, 
I have characterised the horns, not as triangular, but only sub-triangular ; 
and, as the lateral compression, though distinct, is trivial, 1 have added 
that the horns are sub -compressed also. The wrinkles or grooves towards 
the base are (as usual) transverse, irregular, close, and small. So far as 
they extend, they go perfectly round the honis, keels and all, in an 
uniform manner, without any knobs. 


The dimensions of the animal are as follows : 

Ft. In. 

Tip of nose to root oi‘ tail, 4 4 

Length of the head, 0 11 

Utmost vertical measure of ditto, 0 7 

Length of tail, hair» 0 7 

Ditto diito» flesh only, . 0 3^ 

Height, at shoulder, 2 6 

Depth of chest, 1 1 

Height of fore.|eg, 5 

Ditto of hmd ditto, S ^ \l 8 

Length of ears, 0 4,^ 

Ditto of horns, straight, 0 7 

Basal height of horns, 0 3j 

* Ditto breadth of ditto, 0 1^ 

Weight 80 lbs * ** 


* Among the papers commuoicated to the Society by tlie late Mr. Duvaucel, is a description 
of a Wild Goat of Nepal, which in some measure corresponds with the above, although for want 
of a plate, it is impossible to remove all doubt on the subject. As that distinguished naturalist's 
dii^overies were uniformly transmitted to Paris for publication, the Asiatic Society deemed it 
superfluous to give insertion to his papers in their Researches, but now that a separate volume is 
set apart for Physical subjects, the same reason doea not apply, and all that can elucidate the natural 
history of India obviously fails witliin the fcope of the present branch of their Proceedings 
the French description is therefore here inserted from the Author’s original Manu8cript.<^S£C« 

Notice sur mut Chevre Sauvage, des moniagnee du NapauL 

** Les cli^vres sont dc tous les mamniiferes ceux dont la tradition est la plus incertaine et li 
zoologie doit saisir avec empressemeut tout ce qui pent Fdclairer dans cette partie si confuse et si 
int^ressante de son histoire. 
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To the above account of a wild Goat, proper to Nepal, I may as well 
add a short notice of wild Sheep of the same region ; although I am 
acquainted only with the female of the species. This animal dwells north 
of the JIuh'al, immediately beneath and amid the permanent snows, and 
is named, by the Nipnlese, Nuynur, or N>/aur. It is distinguished by 
them (and, 1 fancy, justly) from the Ovis Ammon or Argali ; which latter 


Un examen .'!evL*re de leur nombreuse nomenclature, cn iudiquant la clicvre eauvage de Perse, 
f ty/pr a ar/ffffnis, Gmtl) comme la tjource de toutes les ebuvres domestiqiies, a 6galcn)ciU udiiiis, 
pour rspeces primitives, le l^ouquciin du Caucase (copra Cmtcasica^ Giildenst.) le Houquclin de tout 
1* aucion continent (copra ibe.r^ Lin.) et le Bouqueiin a criniere d’ Afriquo (Daniels Afric scenery, 
81. XXIV.) uux qouli nou'i ajouterons la chevre de Sumatra, ( cunihbig oolong de Marsden,) si dis- 
t’nctc cic touted les autres par une grosse protuberance spherique situce au dcssous dcs yeux. 

Avant d'tHre modifier par la dornestici(r» le.s caractores gener/qiies de ces animaux consistent 
princif>aU*inent dans la disposition de Iturs comes dirig^es cn haut et en arriere, et dans la presence 
d’uue baibe an tlessous d^; la niachoire inferieure. Quand aux caracteres specifiques, ils sont 
di tcnuimj'^ [>ar la I'nrme nicnie des comes, de sorte que 1* on peut admetire comme esptice primitive 
et nouvelle, toute clievre sauvago qui presentera, sous ce ri'ippoit, de$ diRerences constantes et 
notables. 

Les cspecc.s iiidiquocs ci-dcssus sont si bien connues, qu’il n'est pas besoin de rappclor leur 
description [)our rendre bcnsiblc ce qui les distingue do Ja cb^vre rapportee receinment du Napaul 
par M. Wai.lich, nous bornant done k decriro celle-ci avec exactitude, on saisira facilcmeiit les 
dissemblances qui la dcsigncnl coinine une esp^cc nouvellc ou peu connue. 

Sa taille cst ii peu pres cellc d' uii bouc domestique, e'est-a dire qu'elle a environ 2 pieds 10 
pouccs a la partie la plus iMevee du dos. Ses comes sont cylindriques, annelees iirugulierement a 
leur base, arqures dans toute leur longueur etdirigees en airiere vers le haut; les orcilJes sont droites 
ct la queue toiijours basse ; au dessous de Tangle interne des yeux est un vestige -tie larmier; le menton 
€st prive de barbe ct derriorc ebaque orcille sc trouve une glunde rccouvertc par la peau et qui 
secrete une matiere inodore s'ecoulant par un petit trou perce lui milieu. 

Le p61age de ce Bouquet in se compose de deux sortes de poiU, ainsi que celui de toutes les 
cbevres et de beaucoup d’uutres animaux. Le plus long est pendant, rude ct grassier, Tautre un 
peu iVise, soyeux et rarc^ Ce pelage cst d’un grts varie du tauve et de noir ; le Tauve doinine au 
ventre et sur les membres ; le noir s'etend sur les parties supiTieures et trace menic une rale distiucte 
dc Tocciput ^ la queue. La gorge d’un beau blanc sc dessine nettement sur le Tauve du cou. 

L’individu que nous d^crivons est lui male qui parait jeune encore. Son corps elance, ses 
niouvements brusques et ses jambes de derricre plus bautes que celles de devant sont les conditions 
d’une paifuite agilite commune atous les animaux dc cc genre. 11 a rapporte des Trontieres du 
Napaul par M. Wallich et se trouve ^galement dans les montagucs de Test liiuitropbcs du Bengale.’* 

1 , 
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tliey call Jiharal. I have never been able to procure' the lihaml, alive or 
stulicd ; but I have obtained, occasionally, his horns, so justly celebrated 
for their prodigious size. Six years ago, I had a pair which I could only 
raise from the ground by a considerable effort. I mention this strong 
distinctive feature of Argali, because it is one that is familiar to the 
natives; who are thence unlikely to confound the species, so marked, U'ith 
another. Unluckily, when 1 jiossessed the horns of the Bharal, I was too 
incurious about such things to make any note upon them, ere 1 gave 
them away : I am therefore unable to say whether the dry, stuffed, head 
of a male wild sheep w'hich I now^ have, and Avhich professes to bo that 
of the Nayaur, be essentially different in character from the BharnI of 
the NIjmlesc, or, from Linnk s Argali. Linnic’s specific character of Ovis 
Ammon is “ O. corvibus arcvalis, xemi circularibus, siihfns planinsculis” 
Now, the horns wdiich I possess, and suppose to be those of the male 
Nnyaur, are directly the rever.se of thi.s; for they present a sharp angle 
below, and a broad flat surface above ; being in shape accurately trian- 
gular ; with two sides of the triangle constituting the lateral surfaces of 
the horns, and the third side, their frontal or superior, surface. Beneath, 
there is merely the acute angle of the triangle. Besides, though tlie 
animal which bore the horns in question died ere he had quite complet- 
ed his second year, his horns, large as they are, could never, I think, 
have reached, at maturity, the prodigious dimensions of those of the 
Argali. In other respects, these horns answer sufficiently well to the 
description of those of 0. Argali, apud Shaw. — II. 379-80. 

Subjoined is a sketch of the Horns under discussion, attached to 
the skull. 

After these remarks upon the supposed male of the species, I now 
hasten to the account of the female. 
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II. — Thk Nayaur Wild Sheep. — Ovis Nayaur. (Mihi.) 

Habitat. The Himiilaya. 

SPECIFIC CHARACTER. 

The male ? with large, accurately triangular, horns, flat above and 
cultrated beneath ; curved and ivrinkled as in the common ram :* a 
double coat : and beardle.s.s chin and neck. The female, with small, 
strongIy*depressed, sub-erect, sub-recurved, and divergent, horns, obso- 
Ictely Avrinklcd. 

In proceeding from the description ' of an individual of the genus 
Cai'ua to that of one belonging to the genus Ovis, it is scarcely possible 
not to pause and pay a tribute to the elegant genius of TJuffon. Defi- 
cient, perhaps, in scientific precision, he yet studied nature with a truly 
j)hilosophic spirit ; and his pictures of the manners of animals are no less 
useful than delightful. 


Nature having separated the sheep from the goat by no palpable 
physical signs, we consult Linne in vain for directions under which genus 
to place a newly discovered species of either ; but, if we can procure liv- 
ing individuals of the species, and so observe their demeanour, we have 
but to turn to Buffon’s lively and just contrast of the manners of the 
two genera, to be satisfied as to whether our animal be goat or sheep. 

* LiSNii's (ipociliu character of Argali gives horns, “ arcuated, semicircular and ilattisli be- 
neath”— tliat of Ot-vs “horns, compressed and lunated.” Now, Ovis Aries is the common 

Ham : yet, Shaw siys the horns of Argali are curved and shaped like those of the common Hum ! 
I do I'Ot understand all this ; but may as well add, ere I conclude this note, that my supposed male 
Naj/aur has his horns curved, and formed generally like the common Uani’s horns, from which they 
differ chiefly by being more accurately triangular. Are Argali's horns (rilaleial? 
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Though 1 have kept and petted the Jh&ral and the Nayanr for years, 
I could never, with the dry Linnean aid of Shaw, have affirmed that the 
former was a goat, and the latter a sheep, but for the moral charac- 
teristics of the genera furnished me by the graphic Buffon ! I have 
mentioned that the Jhdral is a saucy, coulident, capricious, clambering 
animal, whose freaks of humour and of agility are equally surprising. 
The Naymir, on the contrary, is a staid, simple, helpless thing, which 
never dreams of transgressing the sobriety of a sheep's nature. Like the 
Jhdral, it is easily tamed, but requires more care to acclimatise^it in the 
valley. I have tried in vain to breed from the Nayaur, Comparing the 
figure and general aspect of the two animals, it can merely be noted, in the 
way of distinction, that the Jhdral is the more compactly framed, and 
stands straightcr and firmer on his legs, than iXxGNayaar; and that the 
former has an arch genuinely goatish expression of the face — '1110 latter, 
the proverbially simple look of the sheep. 

As compared with the tame sheep, it is very obvious to remark that 
the JS'ayaitr has a fuller, shorter body; much longer limbs; a longer 
neck; and ears and tail of a more deer-like character. 

In the ordinary state of rest the Naynur, instead of the straight back, 
neck, and limbs of the tame sheep, has the arched back, bowed neck 
and stooping hind quarters of the feet, and graceful antelopine and cervine 
races. There is a great drop from the shoulders; and the withers are 
lower than the croup : the head, as in the Jhdral, but rather more rec- 
tilinearly tapered from above and below; cars, tail, and hoofs, likewise, as 
in the Jhdral ; but the hoofs longer and less compact, and the ears larger. 

The coat or covering of the Nayaur, as nearly as possible, resembles 
that of the Chiru or Antelope Ilodgsonii ; the most careful comparison 
only enabling one to say that the latter, from being somewhat thicker. 
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is more perfectly porrect from the skin ; and that each of its hairs waved 
beneath the surface,* whereas the hair of the Nayattrs hide is straight — 
not merely in its general direction, but, in all its length, from point to 
point, of each hair. 

Excepting such minute variations as these, all the ruminantia of the 
Himalaya and Tibet, which I liave seen, are similarly clothed. There is 
always an outer coat and an inner : the latter, spare, very fine, woolly, 
more or less applied to the skin : the former, very thick, porrect, and t>f a 
substance which we must call hair, though it resembles not ordinary human 
or aiiijual hair, orbristlcs. It isstiffish, brittle, feeble, rather thickorcoarse, 
and of a quill-like feel and look. It might be imagined that this sort of 
hair is peculiarly adapted for 2>roteeting its wearers from cold : but dissec- 
tion and the microscope fail to detect any peculiarity of structure.'!' 


* It is not a twist, or, spiral convolution, but an alternation merely, on the sides, of salient 


and resilient curves. 


I I speak under correction, and am favored by Dr. Bramley with the following observations: 
It is most difficult to dissect a hair; but so far as 1 have performed the operation, the result 
confirms Mr. Hodgson's observation. 


In regard to tho waviness of the Chirus hair, hfkving examined a section of the ficcce, and 
having found the alternations of salient and resilient curve locking into each other (that is, the salient 
bows of one hair fitting into the resilient bends of another) it struck me that this peculiar confor- 
mation might be of more importance than Mr. Hodgson seemed to imagine. I thought so when I 
examined the hair, and retain the opinion on reflection ; as matter of conjecture merely, 1 would 
state, that the waviness of the hair-— which is more distinctly marked from the base upwards— 

may serve the specific purpose of conflning the wool beneath in closer adaptation to tlie skin, under 
all changes of attitude by the animal, than if the hair were straight, and may thus constitute an 
additional security against injury from the rigour of that region which forms the Chiracs habitat.’* 

J. M. Bramdky. 


2 M 
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The general and pervading colour of the Nayaur is a pale, dull, brownish, 
slaty-blue, which, however, merges into more superficial tints, — of 
rufous, on the flanks, hams, and shoulders ; and of yellowish wdiite, 
upon the cheeks, lips, abdominal surface of neck, belly, and insides of 
limbs, of ears, and of tail : bridge of nose, fronts of limbs, tips of ears 
and of tail, patch on chest, and line separating flanks and abdomen, 
dusky brown : in old animals, vertical line of neck and body, the 
same : iris, speckled, brown-red : muzzle, black : hoofs and horns, 
dusky. 

Dimensions (of female) as follows : 


Ft. In. 

Tip of nose to roots of tail, ti 4 

Length of the head, 0 

Ditto of tail to end of hair, 0 7 

Height of animal, at the shoulder, * 2 4,1 

Depth of the head, 0 6 

Ditto of the chest, 1 0 

Length of fore leg to line of belly, 1 51 

Ditto hind leg to ditto, , . . 1 8A 

Ditto of the horns, straight, 0 4 

Basal breadth (across,) 0 

Ditto height, (fore and aft,) 0 OJ 

Ditto interval, 0 Og 

Length of the ears, 0 52 


Weight (of a very thin animal) 75 lbs. 

N. B. The dimensions are taken from a female of less than four 
years old, three of which she had passed in confinement. 


Nepal, October 5, 1831, 




^ ^ f'i S is Hf^rurlayaft 
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ON THE 

U A T W A DEER OF NEPAL. 

I!v 1). li HODGSON, Es(i. 

ACTING RESIDENT AT KATHMANDU. 


III. The Ratwa Deeb. — Cervus Ratwa (Mihi) 

Cervus Mi'ntjac ?— Pennant. 

Habitat. Central and lower Hills of Nepal, and great Saul forest. 

SPECIFIC CHARACTER. 

Small red Deor, with very small, suberect, sublunated, bi or trifurcate, 
rounded, horns, set on lofty, hairy, compressed, pedestals ; and with 
frontal as well as suborbital fissures. 

This remarkable animal, whose horns bear some remote analogy to 
those of Camelopardalis, which is affined to Moschus by its tusks, and to 
Capra by its shortish and full body, as well as by its capricious and airy 
manners, has yet all the influential characters of Cervus, to which Genus 
it unquestionably belongs its muzzle being very moist, its suborbital 
sinuses extremely conspicuous, and its horns, annual, bony, and branched. 
But these horns, instead of being amply developed and springing imme- 
diately from the crown of the forehead, after the manner of most, if not 
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of all, others, of the Cervine Genus, are so small as to deserve almost to 
be termed obsolete ; and are elevated on pedestals higher than themselves, 
which pedestals are, nevertheless, covered to their summits by a continua- 
tion of the skin of the forehead. So that when the Ration periodically 
sheds his real horns, their pedestals, as above described, remaining, give 
the animal’s head the very appearance of that of the Giraffe, so far at 
least, as the frontal prominences are concerned. Nor is this all : for, as 
much as these pedestals of the horns ascend above the crown of the fore- 
head, so much do they descend below ; their origin being the very extreme 
points of the os J'ronlis, considerably below the insertion of the nasal bones. 
Here, then, the pedestals of the horns commence ; and, in the shape of 
two prominent ridges, gradually diverging, they run along the outsides of 
the entire length of the forehead, only quitting the skull at the outer angles 
of the sutures connecting the frontal and parietal bones. Yet more : doum 
the inner side of either of these ridges of the pedestals runs a most singu- 
lar fissure, formed by a strong reflexion of the skin. The margins of the 
fissures are full and dilateable ; and the animal expands them under 
excitement as well as applies them, so expanded, to objects of curiosity 
with the apparent purpose of feeling or smelling such objects ; just as he 
applies the suborbital fissures. The frontal fissures are about two inches 
long, straight, and longitudinally directed down the sides of the os frontis. 
The skin is continued without interruption or sensible diminution of thick- 
ness throughout their interior : but the interior is nearly denuded of hair. 
When the hide is stripped from the carcase, there is no internal indication, 
not even the crease, — of the strong folds prevailing on the outside of the 
skin and forming the fissures ; but there is a very slight indentation of 
skull corresponding with them. 

The ridges of the pedestals are elevated nearly one-third of an inch, 
above the sides of the os frontis ; and their substance is solid, and bony, 
like that of the skull, of which indeed the ridges form an integral part. 
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without the intervention of any suture. From the point where these 
ridges commence, to that at which they rise above the crown of the skull, 
their length is about four inches. From the latter point, the pedestals 
proceed, rectilinearly, but inclined rather backwards, about three and a 
half inches more ; and there they terminate, and the horns commence. 
In this second portion, the pedestals are bony as before, and entirely 
covered, by a continuation of the frontal skin, with rather more than its 
usual quantity of hair on them. The pedestals have, in this their fully 
developed part, a strong lateral compression ; their shape being precisely 
that of an ordinary stick of sealing wax ; and uniform throughout. They 
have a gradual and not inconsiderable divergency amounting to «about 
three inches at their summits. At the crown of the skull, their interval is 
about two inches. The horns which rise from these remarkable columns 
have all the well kuOwn characters of the genus. They fall off and are 
renewed, annually, between June and September ; their nucleus being a 
swollen marginal protuberance, just like the burr of the horns in common 
Deer. The horns are very insignificant, having an extreme length of 
about three and a quarter inches, and only a proportionate thickness. 
Like that of the pedestals, the general direction of the horns is upwards, 
with an inclination backwards. They arc rounded, in the main, but have 
a .slight lateral compression near to the pedestals : their surface, in gene- 
ral, smooth, but furrowed, more or less, by longitudinal, grooves. The 
principal curve of the horns is an outward or lateral convexity, with the 
points turned, very decidedly, inwards ; and, less decidedly, backwards, 
but not absolutely “ hooked” — at least not in the majority of individuals. 
Hence, in the specific character, I have called the horns sublunated. But 
the term can only be justly used in a qualified sense ; and, as not merely 
the points but the upper halves of the horns are, in some specimens, con- 
vexly turned haeJe, though, m a less degree, tlian they are bowed lateral- 
ly, perhaps they might be little less justly characterised as subrecut'ved 
than as mhlumted. From the base of either horn proceed one or two erect. 



142 


THE RATWA DEER 


short, conical, branches — sometimes one from the one horn, and two, from 
the other of the same pair of horns. These branches (so to speak) are 
never above an inch long — where there is one only, it is thick — where two, 
they are slender. The second branch or antler is so rarely met with that 
it ought perhaps to be considered a lusus merely, and as such should be 
excluded from the specific character of this species : but, as I have one 
fine specimen in which two basal antlers are developed, and, as Pennant 
expressly says his Muntjac is trifurcately horned, I think it safest to 
designate the Ratwa as bi-or-trifurcate, and not as positively bi-furcate only. 

Having thus painfully, and I fear, tediously, described the pedestals, 
horns and frontal fissures, of the Ratwa, I shall now proceed to the account 
of its manners, haunts, appearance, size, and remaining characters. 

This elegant and lively little animal bears a great resemblance in size, 
figure, and carriage to the Porcine Deer of the plains of India : but the 
Ratwa is the lighter and more graceful, considerably, of the two. His 
motions are full of elegance and elasticity, and he stands and even walks 
upon his toes rather than upon his entire hoofs, as though he disdained to 
touch the ground. In a quiescent state his back is much arched ; his hind 
limbs stooped ; his withers lower than his croup ; his neck retracted, and 
bowed downwards and outwards ; his head carried low ; and his tail close- 
ly applied to his buttocks. Excite him ; and he will, at once, straighten 
his back, raise his fore quarters and head, erect his scut, and appear 
instinct throughout his frame with spirit and agility ! 1 have seen him, in 
pure display, as it were, separate his fore and hind legs extremely, and 
throw' his back into a concavity as decided as ever is the convexity of the 
attitude of rest. The body of the Ratwa is, for a Deer, short and full : the 
limbs, too, short ; and stout as far as the hocks and knees — below them, 
exceedingly slight and fine : the hoofs, small and compressed : the false 
hoofs inconsiderable in size and blunt : the tail, longish, tapered, cylin- 
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drico-clepressed, moderately and uniformly clothed with hair; in general 
resembling the tails of the Axis and Fallow Deer : the neck, shortish and 
rather spare : the head, rather large ; of small vertical dimensions ; 
tapered ; the nose acuminated, and having a well defined, moist, and nak- 
ed muzzle : the eyes large and beautiful, with transverse oblate pupils : 
the ears, rather small and well formed ; moderately opened ; the lining, a 
small cpiantity of longish, soft, hair, disposed into stripes or strife on a 
naked ground ; the tips, rounded. I have already observed that the muzzle 
is moist ; and the suborbital sinuses, large and conspicuous. Comparing 
the cranium of the llalwa with the skulls of other and large Deer, 
nothing markedly peculiar to the former arrests the attention save the two 
elevated ridges bounding the w'hole extent of the frontal bones, and which 
have been already particularly noticed. The cranium of the Raliva may, 
however, be further distinguished by the relative length of the frontal, and 
correlative shortness of the nasal bones. The lialtvas forehead isdecidedly, 
tho’ slightly, convex ; and the usual drop or depression is further forward, 
and less sudden than it is observed to be in large Deer. Owing to the 
character and position of their respective horns, the brain is thrown less 
far back ; and, lastly, the nasal bones are void of that arcuation which 
usually belongs to those of large Deer. The bony cavities prepared for 
the lachrymal sacks, and corresponding with the suborbital fissures of the 
superficies, are, in the Rativa, as large as, or larger even in proportion, 
than, those of the huge 'Bara Sinhcj^s head. The tusks of.the Rativa have 
the same general character with those of the proper or Tibetan Musk: * 
but they are shorter, stouter, less compressed, and much more curved. 
The portion exerted from the jaw is about inch in length, — measured 
straightly — 2^ inches in extent as measured along the curve. They 
are loose in the sockets, but fixable at the animal's pleasure. The 
Ratwa, when taken young, can be tamed as easily and effectually 


* Vide Slmw’s General Zoologyi vol. II. p. 250. 
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as the spotted Axis : but it is volatile and capricious in its temper, 
reiniudiug one a good deal of Buffon’s exquisite description of the Goat ; 
only the Ralwa loves not rocks and precipices ; nor possesses the Goafs 
wonderful power and propensity to climb and spring. The tamed Ratwa 
is a confident, fearless, creature, which, small as it is, will not retreat before 
man or dog, annoying it ; but will (the male) turn on the assailant and 
attack resolutely both with its horns and tusks — cutting with the latter, 
in the manner of the wild Hog. The female of the species is gentle and 
timid, having neither horns or tusks ; but, in jilace of the former, two 
bristly patches of dark hair like eyebrows — and of the latter, small conical 
canines not protruding from the mouth. She has four teats, disposed qua- 
drangularly on a white udder ; and a specimen procured on the 28th February, 
had the udder teeming with milk. This individual must have just drop- 
ped her young. She is rather smaller and paler in colours than the male. 
The JKaticais about three feet five inches long, exclusive of the tail; about 
one foot eight inches in height, at the shoulder; and from forty to fifty lbs. 
in weight. Colour, a bright, uniform, full, yellow red ;— darkest, above ; 
palest, below, or on the belly and pectoral surface of the neck : forehead 
and limbs obscured with dusky-brown : insides of thighs, a patch on 
either side the chest, insides of ears and tail, pure white : a blotch of black 
in front of each pedestal of the horns, m here the pedestals quit the forehead, 
on the inferior surface, and a good deal of the upper lip, impure white : 
irides, dark brown ; muzzle and hoofs^ black : coat or hair, close, full, 
soft, short, applied to the skin ; in the living animal always exquisitely 
clean and void of all oifensive odour. 

The Ratwa is found in the great central mountains of Nipaly 
as well as in the small hills beneath them, and in the great forest 
at their foot. He is more common, however, in the latter than in 
the former tracts ; and in the former he <*Onfincs himself to the basal 
and gently sloping parts of the mountains; and, of them, to such 
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districts only as are closely screened by brushwood, in the midst of which 
the Italwa always has his lair. The species is gregarious— the herds 
usually amounting to from twenty to thirty individuals. The mountaineers 
denominate the animal, Ratwa. It is not known to the plains of India, 
1 believe ; nor to any other of the Indian mountains^ as far as I am aware. 
Whoever will turn to Shaw’s General Zoology, vol. II. p. 301, will find 
there the description of a small species of Deer denominated the Rib-faced 
Deer, or Cervus Mtmljac, belonging to Java and the Malayan Peninsula; 
which I apprehend to be either a variety of the Ratwa, or another species 
most closely allied to ours. But Shaw’s description is so wretchedly 
imperfect that it is impossible to speak with any confidence about it. 1 
reconmiend the curious in such matters to read attentively my description 
and then to refer to Shaw’s ; b^- which means they will be able to appre- 
ciate the following remarks. The specific character of Cervus Muntjac 
gives “ cylindric ’ pedestals to the horns, and makes the “ upper fork”’ 
of the horns “ hooked.” Whoever had not seen the pedestals denuded of 
hair tvould take them to be cylindric, notwithstanding their really strong 
lateral compression : and, as the tips of the horns are — at least in some 
old males — strongly curved inwards and backwards, there is room to say 
that the ‘‘ upper fork is hooked,” though I cannot admire the mode of expres- 
sion ; because the insignificancy of the frontal fork or forks makes the 
expression “ upper fork” as applied to the beam or trunk of the horns 
peculiarly apt to mislead. I have already intimated that the trifurcation of 
the horns is probably not a general or permanent characteristic. Shaw 
observes, that “ that which chiefly distinguishes the Cervus Muntjac is the 
appearance of three longitudinal, subcutaneous ribs, extending from the 
horns to the eyes.” The three ribs in question are, I suppose, the two 
frontal fissures, and their intervallary crease, which last, in the dry skin, 
presents almost as decided an indentation and apparent peculiarity of struc- 
ture as the fissures on either side of it ; owing chiefly to the constant 
habit the living animal has of dilating the fissures, whereby the skin of 
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the forehead, contracted on either side by their dilatation, forms a strong 
crease between them. Nor, however strange it may at first sound 
to one who has beheld the living animal to hear that these “ ribs” 
run from “ horns to eyes,” is the thing at all difficult of solution 
by means of an ill-dried, distorted, skin. What is meant by the 
thickening of the pedestals at top, and their having the appearance 
of a rose after the horns are forced off, I cannot diyine ; ixnlcss, in 
the particular case, the horns should have been forced from the pe- 
destals, leaving their own marginal protuberance or burr, attached 
to the pedestals. In one of Bukfon’s Supplements it seems the 
Cermis Mnnljac is described as of a grayish-brown colour ; if this be just, 
Cervus Mimfjnc will constitute, probably, a distinct species from lintn a; 
and I cannot help thinking that, in such case, the two ought to be, 
sectionally at least, separated from Cervus. 1 have no late work on 
Mammalia to refer to, and must crave pardon therefore, if I have been 
anticipated in regard to that point; and perhaps also for the length of tliis 
paper; which yet should find its excuse in the acknowledged futility of 
summary descriptions of new and foreign animals. Tlie following arc tlie 
dimensions and size of a male Ratwa, which lately died in my possession. 


Ft. Jh. 


Tip of nose to root of tail, 3 4.1 

Head, lengtit of, 0 8^ 

Tail, ditto, to end of hair, 0 7.^ 

Height of animal, at shoulder, I 7^ 

l)tmo.st vertical measure of the head, 0 3.^ 

Depth of chest, 0 8.} 

Ijciigth of fore leg, to elbow 1 1 J 

Ditto of hind ditto, to corresponding joint, 1 3J 

Ditto of ears, 0 

Ditto of pedestals, above the skull, 0 4 

Ditto of horns, 0 3^ 

Weight, 40 lbs., .to 36 lbs. 


V.VLLiJY OP Nkpal, October, 1831. 
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N O T E 

CONTAININC. FURTHER INFORMATION RESPECTINO THE OviS NaYAUR. 


Since tlic paper on the Ovis Nm/aur wan written, [ have received a complete sluHed 
skin, l)iit sadly distorted and injured, of a young male Natjaur. Tliougli the animal when 
he died was n it ahovt* eight months’ old, ho must hav*e measured four feet in huigth from 
the nape to (he iu.'jorliou of the tail, and nearly three in height at the shoulder. He has a 
doulile coat exactly of the same character as, and rather thicker aud longer than the 
Cliirus ; whence it follows that the slight differences observed upon in the course of the 
paper were only tlu^ consecpieiice of coufiuement, change of climate, and perhaps sex also, 
ill respect to the Naijanr, From much conversation that I had with the Hhotea who 
brought me the skin of the young male aVayawr, I now incline to Indie ve that T was mis- 
taken in supposing there are two species of wild sheep in these regions. The Bharal of 
one dialect is probably the Nayaur of another; and the Himalayan wild sheep, most 
likely, only a variety of that widely diffused species, Ovis Aryali ; tbongh I confess I can- 
not reconcile LlNN ;EL^s’ or Shaav’s descriptions of the horns of the Nayaur. The young 
JVflynwr just received has the wool and greater part of the hair, beneath the surface, dull 
purplish gray slaty ; merged in more superficial hues of rusty brown, above, audufimpuro 
hoary, below. The lips and inferior surface of the head, aud insides of the shoulders and 
thighs, pure white : superior surface of the head, like the body above, but paler . no dark 
marks on the limbs, flanks or forehead, as in the female : neither this young male nor the 
female before described, have any appearance of that peculiar elongation of the hair upon 
the pectoral surface of the neck for which O. Aryali is conspicuous. — But the circum- 
stance is no way decisive, owing to the youth of the one and the feminine gender of the 
other— -such appendages most usually appertaining exclusively to mature males. As the 
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young Nat/aiir now spoken of was taken in midwinter and died immediately, bis coat 
must exhibit the full winter raiment of the species. The hair is about two inches lopg, 
and so thickly set on as to stand erect from the skin, in its ascent from which the hair is 
accompanied about half way by a spare-llecoe of fine wool. A larger quantity of the same 
material lies closely applied to the skin: but the whole quantity of the wool is much less 
than that of the hair. The horns, though small, have exactly the form already described 
and figured, and justly referred to the male Natjaur, as I have now satisfactorily ascer- 
tained. 
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GEOLOGY OF PULO PIN AN G 

AND THE NEIGHBOURING ISLANDS, 

WITH A MAP AM) SECTIONS. 


By T. WARD, Esq. 

assistant surgeon MADRAS ESTABLISHMENT' 


The geographical situation, the extent and general appearance of Prince 
of Wales’ Island are well known, and it will not be necessary to dwell 
upon them here, more especially as they are included in the accompanying 
Map. 

PiNANO may be described as being formed of a group of hills occupying 
about two-thirds of its extent, running through its centre from north to south, 
and having a plain on its eastern and western sides. The hills, thickly 
covered with lofty forest on all sides, seem at first sight so irregularly 
grouped, as to defy all arrangement ; but on more accurate examination, 

p 
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they may be divided into three principal chains, commencing at the north, 
gradually approaching towards the south, where they form one narrow 
barrier between the two sides of the island, branching off at last, along 
its southern extremity, at right angles, east and west. The middle chain, 
including the western hill and Mount Elvira, is that of greatest elevation, 
being about two thousand five hundred feet above the level of the sea. 
Tliey arc all loftiest towards the north, decreasing gradually as they 
advance southward. Between the terminations of the chains towards the 
north are deep bays and sloping vallies, filled with alluvial deposit. The 
greatest diameter of each hill is from north to south. The general 
outline is rather blunt and ridged, presenting no very bold peaks or 
points. Some of the lower hills are obtusely conical. Besides the prin- 
cipal group above described, there runs a small chain parallel to the east 
coast of the island, behind the Nutmeg Plantations at Ghigor, of an 
elevation varying from six hundred to eight hundred feet, uniting M'ith the 
great range near its southern extremity. There arc also some isolated 
hills along the coast, the principal of which arc IMount Erskine, Mount 
Olivia, and Mount Albina. 

The valleys art not deep ; few of them have very abrupt, and none, 
precipitous sides. The whole group, or rather series of chains, is so 
closely covered with forest, that not a bare spot is visible, except where 
the industry of man has been exerted. The height is not sufficiently 
great to produce much eftect upon the nature of the vegetation ; but 
small as it comparatively is, towards the summits, the palms and ferns 
increase in number, and the forest in general becomes more stunted, 
though even on the highest point are to be seen some magnificent timber 
trees. An arborescent fern of great beauty, rising to the height of from 
fifteen to twenty feet, is met with only on the great hill at a considerable 
elevation. 
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The soil of the hills is a reddish light sandy clay from the decomposi- 
tion of the granite composing them, the process of which may be seen 
going- on, wherever roads have been cut below the surface. It is seldom 
more than eight feet in depth, most frequently less, and the vegetable 
mould above it is from six to twelve inches. There is little gravel and no 
fragments, except occasionally of quartz, probably from exposed veins. 

The whole of the group of hills, and indeed every rocky or elevated 
part of Pinliug, is composed of granite. No other mountain rock occurs 
in immediate connection with it. It varies in grain, in colour, and occa- 
sionally in the proportion of its ingredients. It is every where traversed 
by veins of quartz and quartz-rock, which are often of large size. Com- 
mencing at Fort Cornwallis, and going round the island, first to the 
north, we find the following varieties: at Pulo 2^icoose Point, w'here the 
beach is rooky, and composed of immense fragments, it is of a tine grain 
and grey colour, as in specimen No. 51. At liata Periiioi, where a 
small stream forms a magnificent waterfall, and a great mass of rock 
is exposed, the granite of rather coarse grain (No. 1*) is traversed by 
a vein of quartz rock (No. 2) resembling primitive sandstone, very 
hard, and from two feet to two and a half feet in breadth. In it, 
the stream has formed numerous tub-like cells, some of them two or 
three feet deep. I have seen some fine specimens of colorless rock 
crystal, containing crystals of schorl, which were collected here, 
but I had not the good fortune to meet with any on my visits. At 
the ea.st point of Tuloh Bohang, the granite is grey and coarse grain- 
ed (No. 3). At the west point of it, it is of a fiue grain and of a 
slightly greenish colour. On the beach, to the west of Kucha 
MukOt a small village on the north side of the island, among the rolled 


* The figured tliroughout refer to the numbers of the specimens lietewilh sent. 



GEOLOGY OF PULO PINANG, 


l .'>2 

masses of granite are some with beautiful veins and imbedded crystals 
of <iuartz, and prismatic crystals and amorphous portions of hornblende ! 
(No. o). Specimens of these, of good size, were, with difficulty, broken 
off ; and indeed to shew them in perfection, it would be requisite to carry 
away the rolled masses entire. No. (>, is a specimen of the granite found 
opposite Saddle Island, of moderately fine grain, and containing a large 
proportion of mica. On the south-west the granite, containing a large, pro- 
portion of felspar and quartz, is nearly of a whitish colour — (No. Id). At 
night, from reflecting the moon's rays, it is observed to glisterf at the dis- 
tance of more than a mile. Imbedded in it, we found a globule of fine 
grained black granite, containing abundance of mica (No. 17). The whole 
of the south side of the Island is composed of a coarse brownish granite 
(No. Id). On tlie south-east point opposite Pnlo liimun, it occurs again 
of a grey colour (No. Id). These dift'erent varieties found along the 
coast, occur also in the body of the mountains, and it has therefore been 
considered unnecessary to transmit specimens taken from the interior. 

* The east and south-west plains are entirely of alluvial formation, pro- 
bably in great measure formed by the detritus of the mountains washed 
down and collected through the lapse of ages. At first si.glit of the east plain 
particularly, which juts in a triangular form into the narrow strait between 
the Island, and the Quedah coast, and on which are built (ieorge Town, 
the Fort, the various public buildings and the habitations of the English 
residents, the geologist is impressed with the idea that the sea must have 
at one time covered it and washed the base of the mountains. This is 
confirmed in some measure by the phenomena observable on the opposite 
shore of Quedah, where Captain Low has traced the successive deposits of 

* Some of the following remarks on the plains, rivulets, water, Slc. have already appeared 
in my “ Contributions to the Medical Topography of Prince of Wales* Island,’' printed by the 
Pinang Government. 
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alluvial matter, for several miles inland, and the gradual retirement of the 
ocean indicated by ridges running parallel to the present line of coast. 
The process of conversion of such a hard material as granite into alluvial 
matter is distinctly seen on the road to the Great Hill, in the small valley 
between “ Mount Olivia’’ and the “ Highlands of Scotland.” The pre- 
cipitous bank, about sixty or seventy feet in height, presents a mass of 
red clayey sand, used generally in lieu of gravel for repairing the roads, 
which is merely decomposed granite as seen in the specimens Nos. 
.5-5 and 50, taken from the spot. Notwithstanding this alluvial origin, 
no organic remains, not even shells, have been found hitherto imbedded 
in any part of the valley. Query — may not this Hbe accounted for, 
by the small number of animals which inhabit the island, and by the 
paucity of shells now in existence along the coast? The indigenous 
animals are principally birds and insects, and on two tours round the 
island, I did not discover in all one hundred shells on any part 
of it. 

The soil of the valley is various. Near the point it is sandy, with 
a surface of about four inches of vegetable mould from decayed leaves 
and branches of trees. In advancing about a mile into the interior, 
the ground begins to rise, and the superficial stratum is also a light 
vegetable mould, about a foot in thickness, resting on th6 sand. Near 
the foot of the mountains, the soil becomes rich in many places, and 
beds of white clay resembling fuller’s earth, are found here and there, 
more especially in Pnlo Ticoose bay. In those parts of the island, 
near the sea coast, which are generally overflowed and thickly covered 
with mangrove, (Rhizophora) the soil for a foot in thickness is a rich 
black mould. Throughout the island it is light, and in most parts is 
composed of clay, with a large portion of sand, which renders it 
very porous. 
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Water, generally speaking of good quality, is to be had in almost 
every part of the island by digging a few feet below the surface. In 
some places it is slightly brackish ; in others it is tainted by passing 
over the decayed roots or leaves or branches of trees ; and sometimes it 
is mixed with the clayey particles of the soil over which it runs. 
There is no large river in the island ; the several rills from the 
mountains collect into two or three rivulets, which traverse the valley in 
different directions. Their beds are sandy ; the water pure as crystal, and 
of excellent quality, unimpregnated with any deleterious ingredient. I am 
not aware of the existence of any mineral water in the island* 

• 

Stream tin has been found near Amee’s mills, at the east foot of the 
great hill, and at IBatu Feringhec on the north side of the island, washed 
down from the containing veins which have not yet been discovered. 
Indeed the immense mass of vegetation, which so c losely covers the island, 
that scarcely an exposed portion of rock can be found, renders it extremely 
difficult to trace them. At both of the above mentioned places, the tin 
was collected for some time, but the works were given up as the quantity 
was not sufRcient to cover their expence. 

Round the island are extensive mud banks, which, on the north and 
east sides especially, are left uncovered at low water. On the north- 
east side of the tongue of land, forming the valley, from Pulo Ticoose 
point to Fort Cornwallis, extensive changes have taken place within the 
last twenty years. Between the outworks of the Fort and the beach there 
was formerly a space of about one hundred yards occupied by a row of 
cocoauuts, and a walk along the beach. Now the sea washes the very 
walls, which are in part destroyed by its encroachments. The houses on 
the beach also for some distance, are endangered by the same circum'- 
stance; the banks have been rapidly diminishing, and* the strongest 
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bulwarks of stakes and stones are necessary for their protection. In Pulo 
2^icoose bay, on the contrary, the sea has been retiring, the mud bank is 
daily increasing, and the mangrove has been gradually extending itself. 
It is too likely that some years hence, the bay may be entirely filled up. 
These changes are probably owing to the tides setting in strongly from 
the northward and westward. Pulo Ticoose point protects the bay from 
their action, which is exerted in full force upon the Fort point, or Panjong, 
as it is called by the natives. 

The sand along the coast, round the island, is generally whitish and 
pure : in some places, however, more particularly on ^he north side, it is 
nearly black, from the intermixture of numerous small particles of mica. 

So much for Pinang itself. We now proceed to the neighbouring 
islands, commencing with those to the northward. 

I. Ptdo Ticoose, or Rat Island, is merely a barren rock of white 
granite, with a few large canes. It is about a mile from the north east 
point of Pinang, is of small extent, and offers no geological plienomena 
of any interest. 

II. The JBoontings are four small islands to the north of Pinang, 
arranged in a semi-circular form, the nearest being about fourteen miles, 
the farthest about twenty-five from Fort Cornwallis. The most remote 
one, from a fanciful resemblance to a “ femme enceinte" lying on her 
back, has received from the natives the name of Boonting, a Malay word 
signifying “ pregnant.” In connection with this idea, the other islets 
have derived their appellations. That nearest Pinang is called Btedm, 
or “ the midwife” ; the name of the next is Panghil^ or the messenger sent 
to call her, — and behind it is Sonsong, or the companion of the messenger. 
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1. — Ptilo Beedan, or Bidan, is about a mile in length and three-fourths 
of a mile in breath, of an elliptical shape, with a bay on its southern side. 
It is thickly wooded, the trees, as usual, coming in most places down to 
the water’s edge. It may be noticed here once for all, that this circum- 
stance ofi’ers an obstacle to the complete investigation of the geological 
structure of the island round Pinang, as it does of Phiang itself in some 
measure. The interior cannot be penetrated, and were it even possible to 
do so, the closeness of vegetation would shut out all view of the rocks. 
The observations are thus necessarily limited in most instances to the coast. 
The beach, on Palo Bidariy near the south-east point, is composed of 
an argillaceous rock, resembling grey wackc, both lamellar and conglo- 
merate, irregularly intermixed, (IVos. 41 and 42). This seems to dip at a 
considerable angle to the west ; it is entirely covered at high water by the 
sea, and the outgoings or crop of the strata form sharp ridges, more or 
less elevated. Rolled masses of ironstone, (No. 43,) are found on it, of 
various sizes. On the argillaceous rock, rests a mass of limestone strati- 
fied, the strata dipping to the south-west at an angle of 40®. It is 
of a bluish grey colour, (No. 40,) and at first sight seems to have 
a slaty texture. The colour of some of the strata is nearly black. 
They are every whore traversed by veins of »piartz and calcareous spar, 
irregularly intermingled. The whole island seems to be composed of the 
same material. 

2. — Pulo Panghil is a small rather elevated island, about two miles 
to the northward of the preceding, and celebrated for its turtles, which 
lay their eggs in the sandy points and bays. The coast is covered 
with smooth round stones of argillaceous matter, probably rolled over 
from Ptdo Sonsong ; but the body of the island is composed of the same 
kind of limestone as Pulo Bidan, (No. 4.'>). In Turtle-bay, at the dis- 
tance of ten or twelve yards from the main body of the island, some 
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isolated strata of grey marble,* (No. 44,) of fine grain, and highly crystal- 
lized, dip at an angle of little less than 45“ to the westward. 

3. — Pulo Sonsong is about three miles to the northward of Pulo 
Parnrhil: a mile and a half in length, and about one broad at its southern 
extremity. At the landing place, a small sandy point, we observed some 
masses of coral rock, close to the beach, and the whole coast was covered 
with broken pieces of white coral thrown up by the waves. The island is 
rocky and bold all round, and as usual thickly covered with wood. The 
rock (Nos. 4G and 47,) is entirely argillaceous, running in regular strata, 
at an angle of more than 05", and dipping to the eastward. On the 
beach it present.s more of the schistose or lamellar structure, (No. 40,) 
and is every where traversed by veins of quartz, (No. 4.0,) witli a coating 
of a black substance, (metallic ?) On the south and cast sides, and 
apparently forming the lower strata of the island, the rock is of a 
reddish color and soft, (No. 47). On the west side, w hich is particularly 
bold and precipitous, it is of a bluish grey colour, soft and silky in 
same places, presenting the slaty texture, (No. 48,) but not splitting into 
thin lamella; as regular clay-slate does. On this side are numerous 
caves ; and the precipices crowned with lofty trees, the immense frag- 
ments of rock, the dashing of the waves against them, and the hollow 
sound of the water rushing into the caverns, have all an imposing eflect 
on the observer. 

4. — Piilo Boonting, about four miles north of Pulo Sonsong, is of 
nearly oval shape, thickly covered with wood, about one and a half 
mile long, and one in breadth at its broadest part. It is precipitous 

* Tins is well adapted for architectural purposes: and is fully equal to that brought from 
China at considerable expence..~.l am now aware that in existence in the neighbourhood was known 
heretofore. 

2 R 
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only on its north-west side ; in all other places, the forest comes close 
down to the shore. There is the channel of a mountain torrent on 
the north side, choked up with large fragments of rock, at the foot 
of which is a spring of excellent water. The rocks are entirely gra- 
nitic, the feldspar of the granite being in a state of decomposition, 
(No. 50). Large veins of quartz, in some places highly crystallized, tra- 
verse them in all directions, (No. 51). Among the rolled masses of the 
channel above mentioned, are specimens of a greener granite, approach- 
ing to primitive greenstone, (No. 52) ; and on the beach were found a few 
pieces of black limestone, (No. 53,) probably conveyed from Puh J^eedau 
or Sonsong. 


Round ihc whole of the Boontings the sea is beautifully clear; 
and the coral beds are distinctly visible at a considerable distance 
below the surface of the u'ater. The only one inhabited is Pnlo Bidan, 
in which live, in huts of miserable construction, about twenty Malays, 
engaged in catching and drying fish for the Pinang market. In sail- 
ing round' these islands, we had a magnificent view of Quedah peak, 
or Gunong gerai, on the mainland, which rises to the suppo.scd height of 
five thousand feet. Its composition, T am informed, is entirely granitic ; 
its outlines are bold, sharp and pointed ; the sides are steep, rising 
rapidly from the base ; and it presents one immense dense mass of 
vegetation, unbroken some here and there by a few precipitous white 
crags. By the aid of the glass, we discovered the channel of a mountain 
torrent, which, in the rainy season, must form splendid cascades in its 
course. It has never been ascended by Europeans, and so great is the 
jealousy of the Siamese government, in whose territories it is, that it is 
not likely it ever will be. The whole of the coast below it, seems one 
flat uncultivated plain, covered with mangrove, extending a considerable 
way inland. 
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in. Pigeon Island, situated near the southern extremity of the. 
west side of Pulo Pinang, is of small size, and thickly covered with jungle. 
The rocks at the base, from the action of water, present some most fan- 
tastic forms ; now, like a huge wall standing apart from the rest, now, like 
a Martello tower; and sometimes like a piece of Hindu sculpture from 
Mahahalipuram or the caves of Ehra. It is entirely composed of coarse 
grey granite, with a large proportion of mica, (No. 6.) 

IV. Saddle Island, or Palo Kundit, about two miles distant from 
the south-west point of Pinang, is about two miles in circumference, being 
three-fourths of a n^e long and one-fourth broad. Like all the other islets 
wo visited, it is thickly covered with jungle and a few forest trees. On its 
north side these approach within a few feet of the water. The south and 
w est sides are bold and rocky, the rock in some places being nearly perpendi- 
cular, and on the west side there is a deep bay, where several prows might 
lurk in safety. All round are numerous caves and cave-like fissures, 
into wdiicli the sea rushes with a hollow sound. The constant action of 
the water has so much worn the rocks, close to the edge, that they present 
at first sight the appearance of lava. At low water mark a great 
quantity of coarse coral is to be found, which is collected and removed 
by the lime-burners, in lieu of limestone. Tlie geological structure of the 
island resembles that of Palo Sonsong, formerly described. It is a mass 
of argillaceous schist of various colours, according to the greater or less 
action of the w'eather, but principally grey, bluish, and red, amorphous in 
many places, but presenting a laminar, and even fissile slaty texture in 
some, especially on the east side. It is distinctly stratified throughout ; 
the strata running north-west and south-east, at an angle of about sixty 
degrees. Near the beach on the east side, the out-croppings of the strata, as 
on Pulo Sonsong, form sharp ridges ; the rock is soft and of a reddish colour, 
(No. 8,) traversed by veins of quartz, and of a metallic matter (?) In some 
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places the veins appear to be of quartz, mica, and chlorite blended together, 
(IVo. 0)- The body of the rock on this side, above the red material, is an 
amorphous grey-wacke looking substance, resembling old sand-stone, 
(No. 7). Above this again is the more slaty-looking rock, (No. 12,) 
resembling clay-slate. On the south-east side, it seems entirely composed 
of the red argillaceous rock above mentioned, (Nos. 10. and 11). On the 
south-west and west sides of the island, from the precipitous nature of 
the coast, the structure is easily noticed. The rock is entirely like 
clay slate, (No. 12,) presenting more or less of the laminar structure, 
slaty in some places, as marked in No. 1.5. In some parts there is a 
bending in the strata, similar to that sometimes obsc^ed in gneiss ; thus 

The rock is traversed by veins of (juartz of about 
three inches in breadth, (No. 13,) and of a sub- 
stance like iron-stone, (No. 14,) which also runs 
in thin laminar beds through the slate. In the rolled masses, near the 
beach on the east side, are observed portions of indurated clay, tinged 
with chlorite. 

V. Pulo Rimau i.s situated at the south-east corner of Pinanir, from 
which it is distant about three-quarters of a mile. It is of an oblong shape, 
about a mile in length, and one-third of a mile in breadth ; bold and rocky 
except on the north side ; covered as usual with wood, and composed 
entirely of grey granite of a fine grain, (No. 20). On the south side, the 
rocks are rather fantastically shaped. One at a distance exactly resem- 
bles the gable of a house. They were all exceedingly hard ; and with a 
good sized hammer, I could with difficulty break off specimens of proper 
size. Near the centre of the south side of the island, a curious appearance 
presents itself. Veins of from one and a half to two feetin breadth, of quartz 
rock (Nos. 22 and 23,) traverse the granite in different directions. The 
walls of the veins are of a red colour, and finely crystallized, (No. 24). 
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The "Tanite is more compact and finer p;rained, as if compressed by the 
quartz rock, wliile in a semifluid state. Veins of red granite, and beddike 
masses of it arc observed in the neighbourhood, (No. 21). In the old 
stockade on the north side, we saw a rolled mass of primitive greenstone, 
(No. 25.), probably part of the ballast of some vessel, as none like it is to 
be found in situ, near Pinang. 

VI. Palo Jernjah i.s the largest and loftiest of the islands round 
Pinang, from the east coast of which it is distant about three-quarters of 
a mile. It is about two and a half miles in length, and nearly a mile in 
breadth at its broadest part. Its greatest height is at its north end, 
where the hill is between three hu)tdred and four hundred feet above the 
level of the sea. It iS entirely composed of fine grey granite, with a small 
proportion of mica, and is of no interest in a geological pointof view. The 
soil is a fine red clay, and the trees grow to a great height, w’ith remark- 
ably luxuriant foliage. 

VII. Pulo Kra, Two islands close to the main land of the Malayan. 
peninsula, near liatla Kawnitg, are so named : they arc separated from 
each other by a narrow channel: each is about a mile long, and about 
four hundred yards in breadth, rather lofty and thickly covered with wood. 
Their geological structure resembles that of Saddle island, above described, 
distant from them fully thirteen miles, with Pulo Rimauy of granite for- 
mation, between them. The principal rock of the northernmost, Pulo Kra^ 
is a kind of argillaceous schist, which is of a laminar structure, and 
disposed in strata dipping at an angle of about forty-five degrees to the 
south-east ; traversed by veins of quartz, w ith a crust apparently of metal- 
lic, matter running down in long black perpendicular lines along the face 
of the rock, occasionally crossing each other 
in a net-work fashion ; thus — 

It is of various colours and consistence, pro- 
bably as it has been more or less subjected to 
the action of the weather. It is sometimes 
greyish white, (Nos. 27, 28, and 3 1 .) sometimes 
reddish, (No. 30.) sometimes blue, med'e or 
less deep. Nos. 26 and 29). Every where it presents the laminar 

2 s 
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structure, and splits into tables when struck with the hammer. The 
veins vary from half an inch to one and a half inch in thickness, and 
the quartz in them seems to be broken in pieces, between which is observed 
a metallic(?) crust, (^los. 32 and 33). The beach is stony and clayey, 
different from that of the granite island, which we invariably found either 
rocky, sandy or gravelly. At low vvater mark, the «piartz veins form a 
curious cancellated appearance. The softer rock between them having 
been destroyed by the action of the water, they rise in sharp lines 
considerably above the level of the clay, and are, in some places, scarcely 
passable withoixt danger of having the feet cut or bruised. J5eds and 
rolled masses of iron-stone were seen along the coast, near the north-west 
corner more especially; the former dipping at an angle of about .52°. 
The rolled ma.sses are of considerable size, some being twelve or fourteen 
feet high, and as many in breadth, looking, at first sight, like volcanic 
rocks, from their burnt and cancellated appearance. They are formed 
of a kind of jaspery iron-ore, containing numerous drusy cavities, 
coated with semi-globular crusts of chalcedony and yellow ochre, some of 
the specimens of which are very beautiful, (No. .34). The specific 
gravity of it is 3.000. It strongly resembles, in all its characters, the 
mineral substance described and figured by Mr. Soweruy, in the 
3th volume of his J3ritish Mineralogy, page 173. tab. 404, under the 
name of “ Burnt rock.” No. 35 represents another ore of iron, of specific 
gravity 3.G40, found also in rolled masses on the coast, from which that 
valuable metal might be obtained in abundance. In some places, by the 
action of the water, the softer iron-stone has been converted into a fine 
yellow ochre, which might be used in painting. The whole of the west 
side of north Pnlo Kra is rather bold and rocky, in some places even 
precipitous ; and here and there are deep caves. Along the shore are 
found numerous sea slugs, or Ilololhnricc, and the beautifully polished 
and variegated Cyprtea shell, besides coral and sponges of various kinds. 
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Near the centre of this side, about one hundred yards from the shore, is 
a small detached rock, resembling, at a distance, the ruins of an Indian 
Pagoda, entirely composed of a soft red clay, impegnated with iron, 
(No. .37.) similar to what is called Gent by the natives of India, and 
which, like it, might be used as a coarse paint. The lowest stratum of 
the southernmost Pulo Km, is a very hard compound rock, which, for 
want of a better appellation, I have called grey wacke, composed seem- 
ingly of (piartz and felspar, very compact and of a blackish blue colour, 
traversed by numerous veins of quartz, large and small, in every direction, 
(No. 38). The upper rock is the same argillaceous schist as that com- 
posing the northernmost. This structure is well seen at the south-west 
point of the Island. 

Batla Kmvan^, ori the main-land less than a mile cross from Pulo Km, 
is composed entirely of granite. It is a hill about two hundred and fifty or 
three hundred feet high. Behind it are extensive sugar plantations. The 
soil is a fine rich clay mixed with sand. On the east side of the hill, beds 
of potter’s clay occur, from which the coarse conical pots, used in the 
manufacture of sugar, are made. The small hills along the coast of 
the main-land opposite Pmang, are, I understand, entirely composed 
of granite. On this subject, however, I shall not enlarge, as Captain Low 
has already published an account of their structure in the First Volume of 
the Transactions of the Physical Class. For the most part the ground is 
alluvial, and, as stated by Mr. Finlayson, in his account of the Mission 
to Siam, in some places, resembles peat-moss. 

I 

Such were the observations which I made on two tours round this 
Island, in which every part described was carefully and minutely exa- 
mined. Specimens of the rocks accompany, Avhich speak for themselves. 
1 am unwilling to obtrude my crude remarks on the Society, but 1 think 
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the formation round Pinang, Avill be found entirely primitive, though 
some of the rocks have very little of the appearance of that class. The 
total absence of organic remains of any kind, the great inclination of the 
strata, and their immediate connection with granite, I think, lead to this 
conclusion. The accompanying geological sections will exhibit at one view 
the succession and arrangement of the strata. In the direction south and 
north from Pulo Itimau to Pulo Boonling, a distance of thirty-five miles, 
we first find granite, then limestone resting on argillaceous rock, then 
argillaceous schist, and again granite. In the direction from west to east, 
from Saddle Island to Bulta Knivang, a distance of fourteen miles, we find 
argillaceous schist, then granite, then argillaceous schist, and again granite. 

Should the investigation not prove valuable in a geological point of 
view, it has at least extended our knowledge of the resources of Pinang, 
by the discovery of the existence of two valuable mineral substances — 
limestone, including marble, and iron ore, which, should this station ever 
recover its former importance in commerce, may be of considerable utility. 

Pinang, October 18, 1831. 


SUPPLEMENTARY NOTE ON THE GEOLOGY OF THE ELEPHANT 
ROCK, IN THE QUEUAH COUNTRY. 


During a visit which I made in November last to the capital of 
Qtiednh, I had an opportunity of examining a remarkable rock, called by 
the Natives Gmong Giriyan, but better known by the name of “ the 
Elephant,” given to it by navigators, by whom it is reckoned an excellent 
land mark. As it has not been hitherto described, and as it is in some 
measure connected with my former paper, I hope the following brief 
description of it may not be uninteresting to the Society. 
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The country, north of Qtiedah peak, is an immense plain, nearly level 
with the sea, covered near the coast with rising mangrove, with a very 
gentle elevation, and bounded to the east by a small chain of hills about 
from sixteen to twenty miles inland. The breadth of the belt of mangrove 
along the coast varies from half a mile to a mile. This is succeeded by a 
narrower one of ataps, behind which the country is richly cultivated, laid 
out in rice grounds, broken every two or three miles by natural boundaries 
of forest, left most probably when it was originally cleared. The soil is 
a rich whitish clay, mixed with sand. From the above described plain, 
at a distance of about six miles from the sea, and about twenty-four in a 
northerly direction from the northernmost Pulo Doonling, rises abruptly 
the Elephant rock ; no hill or other elevated spot being within several miles 
of it. It is of an oblong shape, apparently about a mile in length from 
north-west to south-c'ast, and half a mile in breadth : presenting on every 
side bold and craggy precipi<;es, between three and four hundred feet in 
height ; lofty columnar and needle-like masses being here and there 
detached from the main body, and shooting up like the spires or turrets of a 
Cathedral. The top is closely covered with wood, which also rises in some 
places half way up the precipice, shewing the grey or purplish rocks, in 
contrast with the foliage, and adding much to its beautiful and romantic 
appearance. The ground in its immediate neighbourhood is a complete 
swamp, in which grow a variety of marsh plants which were at this time in 
flower. A belt of cocoanuts, plantain, betel-nut, and fruit trees of various 
kinds, extends all round it, and conceals the huts of the Malays which 
appear to be numerous. A deep ditch, either artificial or natural, surrounds 
the whole, and renders the approach to the rock extremely difficult, even 
to elephants, with w'hich the Rajah of Ligore had kindly furnished us. 

It was the object of our guides to shew us the caves with which 
the rock abounds, and which, when Quedah was of greater consequence 
than it now is, made it a place of common resort for the natives, more 
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especially the Chnliah visitors, who seem to have looked upon it with 
some degree of religious veneration. We succeeded in crossing the ditch, 
the elephant sometimes being nearly up to the howdah in mud, and 
having passed through the cocoanut grove found ourselves near one of 
the caves. It was not deep, and was formed merely by the over-hanging 
of the rock. We knocked off some specimens here, and found it to be 
limestone, close grained, of a dark smoke grey colour, (No. 1). In some 
places the grain was coarser, the colour deeper ; sometimes brownish with 
minute veins of calcareous spar running through it, (No. 2). Numerous 
stalactitical masses of a dirty white colour and of immense size, hung 
from the face of the rock and from the roof of the cave, and when struck 
with a hammer, gave out a peculiar hollow ringing sound — specimens of 
these will be found in No. 3 of the Series. 

Near to this cave there is another, not very deep, but of immense 
height, the light penetrating at top, through an opening, apparently half 
way up the precipice. Between these two extending along the base of the 
rock for some distance, rising a few feet above the surface of the soil, and 
resting on the limestone, is a bed of reddish yellow cellular calcareous 
breccia, containing small angular portions of a deep red argillaceous sub 
stance resembling that composing Pulo SoHsong, formerly described, along 
with small shells and pieces of coral, (Nos. 4, 5, and (i). In No. 4, near 
the label, is a distinct impression of a fossil shell, apparently a species of 
cirrus (? ) and on attentive examination with a magnifier, others much 
smaller are readily discovered. We saw the breccia only in this spot; but 
as we found it impossible, from the swampy nature of the soil, to walk along 
the base of the precipice, it may exist in other places which we did not visit. 

The third cave we came to is somewhat further to the northward. It 
is of splendid extent, apparently one hundred and fifty or two hundred feet 
in height. The entrance is low, but we ascended a steep slippery road. 
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covered with brown calcareous earth, about sixty or seventy feet, at the 
top of which are numerous stalagmites, one in particular of a large size, 
perfectly white, and resembling at a distance a full length marble statue 
standing on a pedestal. The top of one of a smaller size forms No. 7 of 
tilt scries. From this point the cave branches olF in several directions ; 
the torches cast a lurid glare over the nearer walls, occasionally shewing 
stalactites hanging from the roof, but the darkness of the more distant 
passages was impenetrable. So far as we could see, the roof and sides 
were very irregular, the latter being rugged and precipitous. 

The fourth cave is situated apparently at the north-west end of the rock. 
I say apparently ; for not having a compass with us, w'e were obliged to 
guess in what direction we went, and on that account I cannot be so correct 
as I could have wished to be. In our way to it, at the foot of a detached 
limestone rock, at an elevation of from eight to ten feet above the level of the 
surrounding plain, we found a mass of shells, principally cockles, oysters, 
and a larger kind of muscle, connected together by calcareous matter, the 
interstices being filled with soft earth containing numerous smaller shells, 
(Specimens 8 and 9). The mass was of irregular shape between three and 
four feet square, and about the same in thickness, perfectly superficial, 
and not connected in any way with the rocks near it. No appearance of 
strata of shells was discovered in the neighbourhood. It will rest with 
belter Geologists than myself to determine whether these are to be con- 
sidered of a fossil nature, and in this enquiry the nature of the small shells, 
embedded in the soft earth, may be of material use. Leaving the shells, 
we ascended about thirty feet among large loose fragments of limestone of 
the tMUj^i^^aturc as No. 1, and by a small opening in the rock, entered a 
dark and spacious cave, which, as the eye became gradually accustomed 
to the change from the previous glare of sunshine, and distinguished the 
surrounding objects, appeared to us like a splendid gothic Cathedral in 
ruins. The walls are worn smooth, as if by the action of water, and 
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covered with a white chalky coating. The roof is dome-like. . The 
stalactitic masses form numerous fret-works, with arched window-like 
apertures. There arc numerous chambers too, and lofty perpendicular 
passages, some of them admitting light at top, communicating with each 
other, and producing a pleasing effect when illuminated from within by 
torches. In places, water is dripping constantly from the roof, but few 
stalagmites are formed. The floor is nearly level, covered with a brown 
calcareous earth and with portions of calc-tuff, (No. 10). No. 1 1 is a 
specimen of the calcareous sinter, from some of the stalactitic masses. 

No sculpture or inscription of any kind was found in the caves. A 
tradition exists among the natives of the county, that it was at one time sur- 
rounded by the sea, and from its general appearance, from the existence of 
fossil shells in the breccia, and the low nature of the surrounding country, 
I am inclined to believe that such was the case, and that at no very distant 
period. It may be remarked also, that it strongly resembles the description 
of the Limestone Rocks, on the Tenasserim Coast, given by Captain Low. 

During the same tour, I had an opportunity also of visiting the near- 
est range of small hills before mentioned as running parallel with the 
coast, about sixteen miles inland, and about three miles to the eastward of 
Alii Ganuh, the then residence of the Rajah of Ligore. They are so 
thickly covered with wood, that it is scarcely possible to examine their 
geological structure. In a few places, however, portions of rock jutted 
out above the surface, and were found to be formed of a line kind of 
sandstone, of which probably the whole range is composed. 
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DESCRIPTION 

OF THE 

BUCEROS IIOMRAI OF THE HIMALAYA. 

liv R H. HODGSON, Esa. 

AETINO RESIDENT AT KATHMANDU. 


Order, Insessorf.s, Tribe, Co.xmosTnrs. Family, Buceridce. 
Cienus, Buceros. Species new. 

The Hoinnil Buceros, B. Homrm. (Mihi.) Jlnbitnt, The Lesser hills 
overlooking the plains of India, from the Ganges to the Brahmaphtr. 

SPECIFIC CHARACTER. 

Largest, black, Buceros, with white tail ami neckf the wings doubly, and 

the. tail singly barred. 

The Iloinrai Buceros (so called by Parbatiahs of Nepal,) is the largest 
species yet discovered of this singular Genus, measuring four feet and a 
half from the tip of the bill to the end of the tail, and six feet in expanse 
of wings ; and, as all the peculiarities of the Genus are fully developed in 
this species, their exhibition on so large a scale presents a spectacle 
calculated to arrest the attention of the most incurious observer of nature. 

The H6mr^l tenants the whole of the lower ranges of hills which lie 
contiguous to the plains, from Har'idw&r, on the west, to As&tn on the east ; 

2 u 
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and, following the course of the larger rivers traversing these regions, it 
penetrates a considerable distance into their mountainous interior ; but in 
such cases always confines itself to the low' valleys through which the 
rivers How, and never ascends the neighbouring lofty mountains to dwell 
among them. I have been told, indeed, that the lloinrui is migratory, that 
he tenants the lower hills only during the winter and spring, and proceeds 
northward to the vicinity of the snow's on the accession of the hot weather, 
there to reside during the hot months of the vear. But I. am inclined to 
doubt the accuracy of this report, though it came from those who arc 
familiar with the bird during his periodical residence in their limited 
district, and though I have known a tail feather of the species to be picked 
up in the woods of Nepal proper, where the llumrai certainly does not 
reside at any season ; the only feasible explanation of tlic circumstance 
therefore seems to be, that the feather in question was dropped by a 
passenger, — probably, a ca.sual passenger merely. 

The district above alluded to is Dumja, a small, open, and cultivated 
tract, at the confluence of the Rosi and Sun Kosi, in the interior of the 
mountains, but communicating by the narrow valley of the latter river 
with the lesser hills and Turui. Dumjd is low and hot, with a climate like 
that of the Tdrai. It is abundantly furnished with fine old Burr and Pipal 
trees ( Ficus Ind. and Rdigiosa ) : and these probably form the attraction 
which draws the llomriii to the spot : for, he loves the lofty perch they 
aftbrd and is passionately addicted to their fruit. I have received speci- 
mens of this species from the neighbourhood of Haridtvdr, from the 
valley of the Rapli, near where it enters the plains — and from Dumjd ; 
but all procured during the cold season, when alone Europeans can safely 
enter those malarious tracts. The people of Dumjd assure me that the 
Homrai frequents their district exclusively in the cold season, and that he 
migrates northerly towards the close of February, when the heats become 
excessive. I cannot imagine the species to be truly migratory, but think 
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it probable that it resorts to the valleys during the cold weather ; to the 
proximate heights, both for coolness and for retirement in the breeding 
season, during the hot and rainy months of the year: and, it may be 
easily supposed to move about from district to district, within the general 
limits assigned to it by nature, in quest of those various fruits which 
constitute its principal, if not exclusive food ; and thence to appear migra- 
tory to the peasantry of any one of these districts. 

Having weighed attentively the substance of what is said by Cuvii;u, 
by his translator, and by Shaw, respecting the habits in respect to food of 
the birds of this Cenus, 1 am convinced that there is a great w-ant of well 
ascertained facts on the subject, and that the .prevalent opinion which holds 
that these birds are, in the main, carnivorous, and feed principally upon 
small birds, rats and mice, lizards, frogs and even carrion, is erroneous. 
Mr. Cliui i 11 n is assuredly mistaken in the supposition “ that they do not, 
in a natural slate, ever take fruit.” Cuvicu, II. 4;J1. Aves. Imp. Oct. .Edi. 

Of the four species Avith which 1 am acquainted, I have myself seen 
two take fruit, in the w ild stale ; and, having subsequently shot them, 
have found their stomachs tilled c.cclusivehj with fruit.'* The remaining 
two .species I never beheld, at liberty, but have kept them, in confinement 
for months. Both of these showed a great aversion to the frogs and 
lizards which, in conformity with the prevalent opinion as to their habits, 
I, at first, ofiered them. Both always refused to touch mice, rats, or 
birds ; but without manifesting any disgust at the sight of them : and, 
lastly, both w^ere fed entirely, after testing their palates, upon fruits and 
boiled rice, as that sort of food u'hich was found to be most agreeable to 


* A common Indian species, different from either of tliese, was described in t!ie Asiatic Society's 
Transactions so long ago as the time of Sir W. Jonks ; it is stated to be frugi' orous in the state of 
nature, and to feed upon the nux vomica, voraciously, so long as such food is procurable. Mr. 
Stiuling notices the same fact in his account of Cuttack, in the 16th vol. of the Researches. 
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them, though both would still cat fresh good meat, either raw or dressed, 
when vegetable diet was not within their reach. 

No oft’ensive odour exhaled from the bodies of any of these four species, 
and the flesh of all was wholesome and pleasantly navoured ; facts which 
seem to me decisive as to their never feeding on carrion, or even, on such 
living animals as lizards and frogs. 

Is there a single bird or beast among the carnivora, the flesh of tvhich 
is wholesome and agreeable to our taste ! 

With respect to rats, mice, and small birds, it appears to me that so 
awkward and inugile a creature as the iluceros (any of the species) must 
soon die of hunger if he were obliged to sustain himself by the capture of 
such nimble prey. 

Indeed, the whole external structure of the birds of this (rcnus affords 
a strong presumption against their being carnivora — except in the meanest 
sense : and against their feeding on unclean reptiles and carrion, the 
absence of oftensive odour from their bodies and the w'holcsonieness of 
their flesh, to my judgment, are conclusive. 

What arguments might be drawn on either side from their internal 
structure I am not anatomist enough to say, and I regret I could not 
afibrd Dr. Bramley* an opportunity of judging. The character of the 
stomach and intestines of a large species which forms the subject of the 


* To the kindness of this gentleman I am indebted for the anatomical observations upon the 
which are given in tlie sequel. Imperfect though they be (circumstances not admitting of a 
rc'gular dissection of the bird) they will I am sure be acceptable and highly valued by every true 
ornithologist— moflC works on the subject^ and especially English works> being sadly deficient in this 
important kind ol' information. 
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present paper is, I believe, doubtful : ' but I can only say that the stomach 
is single, simple, pretty capacious, thin in its coats, and possessed of very 
moderate rugosity on its internal surface ; and that the intestines are 
rather less than three times the length of the body, from the occiput to 
the rump ; not obviously distinguishable, by difference of size or other- 
wise, in the different parts ; and of such capacity or diameter as just to 
admit the insertion of the fore finger. I fear that the foregoing remarks 
respecting the habits in respect to food of the birds of this singular Genus 
will, to some, appear tedious and prolix. But whoever is aM'are of the 
strict analogy between structure and habits Avhich prevails throughout 
animated nature, will receive indulgently every attempt to remove errors 
as well as to contribute facts relative to the'most important of the habits 
of a large gronpe of birds which are so singularly formed that we are apt 
to regard their structure as monstrous and anomalous. 

I ])roceed now with the description of the species before me, of which 
I possess ten specimens, showing both sexes in maturity, and the young 
in various stages of progression towards it. From a comparison of these 
I am led to conclude that the body of the IldrarAi does not reacli its full 
size under two or three years, and that the bill and casque, especially the 
latter, arc not perfectly developed in less than four or five years. 

At birth, the young have no casque. The developement of this 
appendage to the bill commences from behind ; and, in the posterior part, 
is tolerably distinct as to form by the close of the first year; whilst, ante- 
riorly, there is no distinction but that of colour between the casque and the 
ridge of the bill. In the second year, the fore part of the casque begins 
to rise and spread itself out above the bill ; but does not acquire its full 
dimensions and characteristic shape till the fourth or fifth year, as will be 
more particularly noticed hereafter in speaking of the young. 


2 w 
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This species is gregarious, like most others of the Genus; of staid and 
serious manners and motions; full of confidence and quietness ; and seem- 
ing to prefer the few open and cultivated spots in the wilds it inhabits — 
which spots are usually limited to the banks of rivers. There, perched on 
the top of some huge, fantastic Bar tree, you shall see this large, grotesque, 
and solemn bird sit motionless for hours, with his neck concealed between 
the high shoulders of his wings, and his body sunk upon his tarsi ; the 
very type and emblem of the orient world ! 

Occasionally, he will take a short flight accompanied by one or two 
companions (for he is a social bird,) to some other high tree ; never, so far 
as I have observed, alighting on the ground, nor on a low tree. Twenty or 
thirty birds are commonly found, in the same immediate vicinity — six or 
eight, upon the same tree, if it be large. And they will continue perched 
for hours with the immovealde gravity of judges, now and then exchang- 
ing a few syllables in the most subdued tone of a voice as uncouth as their 
forms and manners. 

This subdued articulation is not louder than, and is similar in character 
with, the low croaking of a bull frog. But, if the remorseless gunner in- 
trude upon this solemn congress and bringdown, without mortally wound- 
ing one of its members, the clamours of the captive bird will utterly amaze 
him. I cannot liken this vehement vociferation to any thing but the bray- 
ing of a jackass its power is extraordinary, and is the consequence of an 
unusually osseous structure of the rings of the trachaea and of the larynx. 
The HdmrSi flies with his neck stretched out, his legs retracted, and his tail 
levelled and somewhat expanded. His flight is straight and laborious, with 
heavy uniform frequent motion of his wings, which, though ample in size, 
have not apparently a corresponding degree of energy : — presume so, from 
the short, straight, and laborious flight of the HomrM ; and Dr. Bramley 
infers the same thing from the lax concatenation of the vertebrae of his back. 
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With respect to food, my impression is that the HomrAi is almost 
exclusively frugivorous. That he is altogether so, at certain seasons, is un- 
«|uestionable ; for, out of six birds which I opened in January and February, 
there was not one the stomach of which contained a single particle of any 
thing but the fruit of the Pipal tree. 

When and how the Ilomrai nidificates, I cannot ascertain : but I pre« 
sume that his habits in respect to breeding are similar to those of the 
Jiitceros ]\ ipnlensis, a species of nearly equal size, tenanting the same 
region which 1 described four years ago in the Society’s Transactions. And 
it may be observed, that this peculiar nidification explains the serious in- 
jury done to the bill; which nothing that is known of the bird’s habits in 
respect to food will, in the least, account for. The mature male of the 
Homrii species measures four and a half feet long, and six feet in width 
between the wings. 

The bill is nearly a foot in length, of straight measurement, — consi- 
derably more, if measured along the curve ; and the tail is one and a half 
foot. The bill and casque are both extremely large, and bear a close 
resemblance in their forms to those of the Bifronled Buceros. The legs are 
short and stout, and the feet exhibit the perfection of that peculiar struc- 
ture which induced Cuvier to separate his Syadactyles from the promis- 
cuous heap of the Passerine birds. The body is full and plump, but very 
small in proportion to the size of the extremities. The neck is as long as 
the body, the vertebraj being large in size, though few in number. It is a 
long, lank bird, of uncompact structure, almost helpless on the ground, and 
of but limited power on the wing, with feet incapable of grasping, in the 
raptorial sense, but admirably suited for laying a strong hold upon the 
larger branches of those tall trees in which the species seem to spend nearly 
their whole lives — feeding and roosting in one and the same place, and 
having no necessity to go abroad in search of water, since they never take it. 
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The bill is extremely large, cleft to the eye, smooth, hard, considerably 
arched throughout, much compressed, except at the base, ■where it is as 
broad nearly as high, the cutting edges broken and separated in the cen- 
tral parts of the bill, closed and even towards the extremities, but not in- 
terlocked. The cutting edges are composed of a separate brittle substance, 
which, in the perfect bill, is furnished Avith serrations. But as these ser- 
rations, together with most of the substance containing them, are not deve- 
loped in the young bird, and are soon, for the most part, destroyed, nor 
ever afterwards replaced, in the maturer one, it is as difficult precisely to 
define them as to conceive the purpose for which they were intended. 

The hard substance in which these serrations arc cut, likewise lines 
the wdiole inside of the bill, and is never itself entirely destroyed on the 
cutting edges, though the teeth-like processes are : its entrance into the 
composition of the bill, must give the bill considerable additional power. 

The palate is placed near the cutting edge of the upper mandible : in 
the lower mandible it is remoter, except near the tip, w'here, as in the upper 
one, the palate lies in contact with the cutting edges of the bill, both man- 
dibles of which are nearly solid towards their forward extremities. A sharp 
ridge runs down the entire centre of the inside of either mandible. The 
upper and lower mandibles are of equal length, and rather sharply pointed. 

The cas([ue is' rested on the basal part of the bill and on the cranium, 
passing beyond the posterior boundary of the latter more than an inch and 
a half. Its most forward point is about four inches before the eye ; its 
most hindward three and three-quarter inches behind it. From the tip 
of the bill to the forward point of the casque, nine inches. The casque is 
frail, hollow, very large, flat topped, broader than high, as broad almost 
before as behind, its upper surface level with the margins, posteriorly 
dipped between them, and inclined towards the ridge of the bill, anteriorly ; 
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squared behind, concavely crcscenteJ before, with the horns of the crescent 
elevated one inch above the bill, and directed forwards and downwards 
with a sliji^ht curve parallel to the bend of the bill : the posterior edge of 
the casque, full, rounded, and soft; the lateral and anterior edges, spare 
and hal’d. 

The nostrils are small, subtriangular or irregular oval, transversely 
cleft, placed at the base and top of the bill, where it joins the casque, and 
covered Avith incumbent reflected setaceous feathers. 

The tongue is fleshy, flat, small, with point entire ; its position, the 
bottom of the throat. 

The head is sniiiil ; the parietal and occipital bones, firm and solid ; 
those of the anterior parts of the skull, cellular and feeble ; the occiput, 
strikingly defined and furnished with large transverse and vertical crista? ; 
the orbits, medial and almost entire. Both eyelids have strong bristly 
lashes, the upper being the stronger and conspicuously flattened or 
depressed. The tail is long and rounded slightly, consisting of ten very 
broad, strong, feathers of nearly equal length, but the laterals somewhat 
shorter than the centrals, and sul)gradate<l from below. 

The wings of medial length, high-shouldered, rounded, acuminated, 
the sixth quill longest; the fifth and seventh nearly equal to it; the first 
and second much smaller, narrowed, sharp, and incurved; the longest pri- 
maries and longest secondaries, equal; the tertials and scapulars, small. 

The legs and feet very stout. The tarsi, low ; knees plumed before ; 
acrotarsia, brokenly and heavily scuteliated ; posterior and lateral surfaces 
of the tarsi, covered merely with coarse reticulated skin ; the toes, of sub- 
medial length, depressed, broad, shielded by a single row of transverse 
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heavy scales, and of strictly gressorial or syndactyle character; the nails, 
arched, compressed, obtuse. 

The dimensions will be given in detail in the sequel. The colours are 
as follows : 

The casque and upper mandihleof the bill, deep waxen yellow, mer^ing^ 
more or less, into rich red, on the top of the casque, and towards the tip of 
the upper mandible ; the tip itself, and the lower mandible, ivory white ; base 
of both mandibles, anterior and posterior surface of tiie casque, a line along 
the ridge of the bill, its cutting edges, and the whole inner surface of the 
bill, black; iris, intense crimson ; legs, deep obscure green ; nails, black- 
ish ; naked skin round the eye, full black; body and wings, sublcrminal 
bar on the tail, chin, and junction of the head and neck, black — the body 
above and wings, feebly glossed with green — the rest, unglossed ; neck, 
yellow-tinged wdiite ; tail, pure white, with a broad black bar crossing it 
entirely at the distance of three inches from the lower extremity : all but 
the two tirst quill-feathers of the wings, broadly whitened at either extre- 
mity ; tips of the long coverts, also Avhite, forming altogether two conspi- 
cuous white bars on the wings : vent, rump, thighs, logs, and upper and 
under tail coverts, dirty white. The unctuous secretion from the rump is 
of a yellow colour; and, cither wdth this, or with a local secretion of the 
same kind, several of the prime quills arc dyed on the white part of them, 
going to form the upper bar of the wings. Why this spot should be thus 
dyed, and no other part of the plumage, 1 cannot imagine ; but note the 
fact, because all my s])ccimens agree in respect to it. 

The whole plumage of the head, neck, inferior surface of the body 
and of the thighs, is lax, discomposed, and more or less setaceous; that of 
the hind head being also somewhat elongated, forms a slight drooping 
crest. The crest and the neck feathers, the bird erects partially when 
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much excited. The female and young of a year old have the legs and 
plumage coloured exactly like the male ; from which the former differs by 
being smaller ; by having the irides of her eyes, pure hoary ; the naked 
skin of the ophtlialmic region, pale piirpurescent dusky; and lastly, by 
wanting the black colour which distinguishes the casque, and ridge, cutting 
cd ges, and interior suriace of the bill, in the male; those parts of the 
casque and bill of the female, being red, like the subterminal portion of 
the upper mandible of both sexes. Tiie mature female's bill and casque 
are shajunl like those of the old male, but are both smaller in proportion. 
The young have the bill )nnch less arched, and thicker in proportion 
to the length ; the cutting edges are entire, void of brittle substance or 
serration ; and there is no cascuie, or rather' the casque has no develope- 
ment or separation from the bill, anteriorly : for, posteriorly, it has both, 
very soon after birth. In the second year the anterior portion of the 
cas([ue begins to separate itself Aom the ridge of the bill, exhibiting a 
Avedge form ; the apex of which, gradually receding during the third year, 
in proportion as the casque acquires more breadth and height in front, 
comes at length, in the mature state to form the centre of that inward 
curve or crescent, the ends of which arc the //orns of the old bird’s casque. 
The younger the bird, the narrower the casque iu front. Old age alone 
makes it nearly as broad before as behind. The sketches appended to 
this paper will complete the illustration of this point, which is of importance 
as a guard against the multiplication of imaginary species, derived solely 
from diversities in the shape of the bill and casque. The bill of the young 
is at first of an uniform pale greenish yellow, with a small portion of black 
at the base only. Their iris, whatever the sex, is at first, hoary, like the 
females; and the ophthalmic region, pale dusky. Posteriorhf, their 
casque is soon darkened, if they be males — reddened, if they be females : 
but the black or red space defining the separation of the casque and bill, 
anterior!^, is later manifested ; because its manifestation depends upon the 
developemcnt of the casque itself iu that the last developed part of it. 
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The black or red (according to sex) of the cutting edges begins to 
sliow itself before the close of the 1st year, and is as abundant in (quantity, 
though less intense in hue, in the tind year as ever afterwards. Indeed, 
the brittle edging of the bill, which is alone thus coloured, no sooner is 
perfected than it begins to be rapidly destroyed, together with the serration 
which belongs to it — an enigmatical circumstance -like, indeed, every 
other connected with the purpose and use of this most remarkable organ. 

Dimensions of the mature male and female. 
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REMARKS ON THE SKELETON OF THE HOMRAI BUCEROS. 

The Bill consists of horny matter of considerable thickness, which 
lies in close adaptation with the osseous structure beneath, and is con- 
nected with it by means of a membrane, over which numerous small 
blood vessels are distributed. 

The casket, (which is of large dimensions) has also its horny cover- 
ing, though somewhat different in structure, that of the former being 
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laminated, and bearing a close resemblance to proper horn, while that of 
the latter is much thinner, of a fibrous consistence, and nail-like in struc- 
ture. The edges of the bills, of both mandibles, for about two-thirds of 
their length from the point, are horny, but the surface is so irregular and 
jagged, that their appearance leaves no doubt that much of the natural 
structure has been broken off, by the use which the bird makes of its bill. 
Ill consequence of this, when the jaws are closed, there is a considerable 
vacancy between the cutting edges throughout the whole central portion of 
the bill. In some specimens in Mr. Hodgson’s Collection the fractures 
have taken place at such regular intervals, as to give to these parts the 
appearance of natural indentations. 

To entertain this supposition, however, would be erroneous, as there 
is evident reason to believe that in a bill, which is perfect, the horn by 
w'hich it is covered does not extend to its edges, but terminates just before 
it arrives at these, in a substance not very much unlike solid bone. The 
chief difference from the latter, is, that it is exceedingly brittle in its nature, 
though it is by no means deficient in compactness. 

That this substance borders the edges of both mandibles in their 
natural state, is confirmed by numerous portions which are here and 
thci’e left, in all the specimens I have examined. There is, also, a distinct 
line along the bills denoting the ^termination of the horn, into this hard 
structure, which in some individuals is of a red colour, and in others, a black. 

There is no trace of reproduction, after a portion has once been destroy- 
ed, and so much of it is lost in early life, that in the mature bird, the only 
portion which remains perfect, is that which is situated nearest the cranium. 
In six out of seven of these birds which I have examined, all these remain- 
ing portions of sound bill, have certain serrations on their edges, which 
proceed from this hard substance : in none, however, were they arranged 
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with sufficient regularity, to admit of description, except in the individual 
from wliich these notes are chiefly taken. In this four very distinct ones, 
may be said to exist on the lower mandible, the interval between them 
being so uniform, and their shape so similar, as (from appearance alone) 
to warrant the conclusion, that they are natural productions. In the 
seventh specimen, however, (which was a young bird supposed to have 
been hatched last rains,) these serrations are not visible in either mandible. 
Whether (in the perfect bill,) these tooth-like processes always exist, 
I will not pretend to determine. If they should be found to do so, it would 
at least, become a matter of (question, for what purpose they are destined. 

The circumstance of the birds being deprived of a greater portion of 
the hard substance constituting the edges of the mandibles, in early life, 
never afterwards to be replaced, is a strong evidence that such formations 
are not necessary in aiding them to secure their food, moreover their 
presence would not correspond with the supposed natural habits of birds 
of this class ; and, furthermore, as there are no corresponding depressions 
in the opposite jaw, and as the birds live very well without them, it is 
reasonable to conclude, that the existence of serrations on the edges of the 
bill must be denied, as necessary formations, while to account for their 
presence, the exceeding brittleness of the substance on which they are 
situated deserves consideration. 

The osseous structure beneath the horn, as will be apprehended from 
the enormous size of the bill, is very light, and cellular throughout. The 
same structure is also observable iu the bones, at the base of the skull. 
The casket on its interior exhibits nothing but innumerable, and minute 
processes of bony matter, which intercept each other, so as to form a reti- 
cular arrangement. The upper mandible is firmly joined to the skull, 
and admits of no motion whatever. This variety (which is met with in 
very few birds) may be accounted fur iu the present species, by the large 
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casket being fixed to the bill, and resting posteriorly on the vertex of the 
cranium. If therefore the upper mandible was moveable, the casket would 
become subject to the same motion. The orbits, when compared with 
those of most birds, are small. There is no trace of a bony septum 
between them, but their division is effected by a membraneous partition. 

The cervical vortebrne are twelve in number. They are articulated to 
each other by means of small eminences, wdiich constitute real joints. 
Tliis provision, which is common to all birds, gives to them that peculiar 
freedom of motion in the neck, Mdiich the whole class more or less possess. 
In the Bureros this motion is considerably restricted, in consequence of 
the firmness with which the ligaments bind these vertebra; together, par- 
ticularly the large one Avhicii passes along the proterior part of the neck, 
and attaches itself id the spinous processes. 

There are seven dorsal vertebra; — which are articulated to each other 
by synchondroses, or plane joints. They are all separated, but the first 
three are so firmly connected by ligamentous structure as scarcely to 
admit of any motion ; the remaining four are more loosely joined. 

It may here be noticed, that as the dorsal vertebrae of this bird are 
all moveable, it becomes a matter of question whether its power of flight 
is in any way remarkable. Except in birds which do not fly, as the 
Ostrich, &c. it is by no means common to meet with examples, where the 
dorsal vertebrm are all separated ; two or more of these are generally 
found to be anchylosed at their spinous processes, or the whole of this 
part of the spinal column may be rendered fixed and immoveable, by the 
connecting ligaments being substituted by bone, as is very generally the 
case in birds possessing any extraordinary activity on the wing, or 
extensive power of flight. 
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This immoveable structure of the dorsal vertebr® of such birds is 
believed to be necessary to give support and steadiness to the trunk, 
during their varied and violent motions in flying ; and Blumenbach affirms 
that the want of motion inseparable from it, is compensated by a larger 
number, and greater mobility of the cervical vertebrae. 

In consistency with this supposed system of compensation, the 
Buceros which has dorsal vertebrae capable of considerable motion, has 
but a small number of cervical vertebrae,* and those rigidly connected. 
From this structure I infer the limited power of the Buceros on the 
wing. 


The lumbar vertebrae, as is usually met with in birds, are all anchy- 
losed. The remains of the three first are visible, but their total number 
cannot be ascertained. The tail consists of eight bones. The last of 
these is the largest, its greatest length measuring 2^ inches by 1-^ in 
breadth-t All the bones have large transverse processes. They have 
also spinous ones situated posteriorly, and the three last bones, have in 
addition these processes arising from their anterior surface. 

There are seven pairs of ribs, namely, six pairs of true ribs, and one 
pair false, i. e. not attached to the sternum. The true ribs are joined to 
the sterniun by intermediate bone. 

The pelvis is similar in formation to that of birds in general, except 
in those which have it closed in front. The length of the os innominatum 
is 4^ inches, and 2§ inches broad. 

* This bird has, (he sane number of cervical vertebre as the raven, and one less than the cock. 

't The dimensions of this bone are noticed in consequence of the bird being observed to erect 
and expand its tail feathers. 
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The sternum measures in length 4^ inches, and in breadth 2^ inches. 
The large crista which is situated on its centre and anterior surface is 
continued down the whole length of the bone — and is elevated above 
the sternum at its most superior part 1,^ inches. At this point is united 
the os jugale, (merry thought) the cornua of which proceed outwards and 
upwards, and nearly parallel with the two large clavicles, to meet the 
scapulic at the point of either shoulder, where these three bones become 
united by ligament, and form the glenoid cavity of the. Humerus. 

The wing is composed of the following bones. 1st. The brachium — 
which measures inches in length. 2ndly. The two bones of the fore- 
arm (cubitus) in length tU inches. On the largest of these bones are 
fourteen small prominences, arranged longitudinally, which denote the 
attachment of the (piills of the secondary feathers of the wing. 8rdly. 
Two small bones of the carpus. One articulated by firm ligamentous 
structure to the end of the small bone of the fore-arm. The other is 
attached to the large bone, by means of a long tendon, which is 
inserted at about the terminal third of this bone, and it is joined to the 
metacarpus just below its articular surface by ligaments. This bone is 
situated in the bend of the wing, and plays on the outer condyle of the 
metacarpus, 4thly. The metacarpus consists of two bones consolidated 
into one at either extremity, and open in the centre. It measures in 
length inches. 5thly. The thumb (false wing) formed of one small 
bone, articulated to the metacarpus on its edge, and immediately below 
the carpal joint. 6thly. The two fingers, that which lies on the same 
line with the thumb, has two phalanges, the other but one. 

The Leg. The first of these bones is the femur, in length 4 inches. 
2ndly. The tibia and fibula. The former measures 6^ inches in length. 
The fibula, which can scarcely be said to exist, in most birds, is very 
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distinct in this. It enters into the formation of the knee joint, and com- 
pletes the outer border of the articular surface, part of the outer condyle 
of the femur resting on it. 

The breadth of its articular surface is of an inch. From this it is 
continued down the outer edge of the tibia, but has no osseous connec- 
tion with this bone, for 2f, inches in its extent, here the two become 
consolidated, and towards the termination of the bone, above the articula- 
tion, a small speculum of bone arises from the tibia, which denotes the 
termination of the fibula. 3rdly. One metatarsal bone (answers to the 
tarsus) inches in length. To this the Iocs are articulated. There is 
also another which is attached to the metatarsal bone, by a broad 
synchondrosis, and proceeds obliquely outwards, for the exclusive attach- 
ment of the great toe. This bone has been observed in some birds of the 
Parrot kind, and 1 can testify its existence in the foot of the King-fisher. 
It is difficult to convey an adequate description of its shape. In the pre- 
sent bird (Buceros) it is nearly an inch in length, and half an inch broad 
at its articulation to the great toe. It has tw'O prominences on its articular 
surface, resembling condyles, the inner one being twice the size of the outer. 
To meet these, there are corresponding concavities at the base of the first 
phalanx of the great toe, by w hich a very perfect joint is formed. There 
is a groove in the metatarsus in which the base of the small bone is lodg- 
ed. 4th. The toes. The great toe has tw o phalanges. The one next to 
this has three, the middle toe four, and the last has five. 

Memorandum concerning the anatomy of the tongue and vocal organs of the 

H6mr(it Suceros. 

The tongue consists of a small fleshy substance of triangular form, 
and measures about ^ of an inch in length, by an inch in breadth. 
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On its superior surface, and towards its base, several small cartila- 
ginous processes are seen with their points directed towards the throat. 
Its edges, on this part, are also barbed by similar structures. 

There are no papillae observable on its surface, nor can it be consider- 
ed an organ of taste, since it is so firmly connected to the sheath of the 
lower mandible, as to admit of little or no elongation even with the aid of 
considerable force, which I applied very shortly after the bird was shot. 

The tongue terminates by a strong fleshy attachment to the os 
hyoidcs, and is further connected to this bone, by a process of cartilage 
which arises from the body, or centre portion, of the latter, and becomes 
embedded in the muscular structure of the organ to about half its length. 

The os hyoides consists of five distinct bony portions ; viz. The 
body or centre portion, and two pairs of cornua. The first pair of the latter 
are attached to either side of the body ; at the ends of these commence 
the second pair, the two being joined together by synchondrosis. Their 
united length on either side is three inches. The second pair terminate 
by two round cartilaginous ligaments, which measure of an inch in 
length. 


Besides the cartilaginous process which arises from the body of the 
os hyoides, and gives attachment to the tongue, there is a similar one 
which proceeds from its inferior edge, which is loosely bound to the poste- 
rior surface of the trachcea by bands of ligamentous structure. 

The superior larynx is formed anteriorly and latterally of bone, its 
posterior part being completed by membrane. 
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TJic annuli of the Traclura are all more or less ossified, and there is 
also a bony addition at the inferior larynx, which latter may probably be 
the same as that found in some of the Morgan sers. 


M. J. BRAMLEY. 
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[Being the i,ubstance of a Lecture delivered in dlustmtuot of (he Measuring Apparaiusy before the Physical Class, 

on the ink Murchy 1 H 31 .) 


Notiii.nii seems easier, at first siglit, than to measure a straight line. If, 
for example, it were wanted to ascertain the length of the room we are in, 
or the table at Mhich we are seated, the mode commonly used on such 
occasions would be to take a foot rule and try how many feet and inches 
it was, and this would be quite a sufficient solution, provided that there 
was no further object in view. But suppose it were necessary, for any 
particular purpose, to know the exact relative lengths of two rods or bars, 
one of which had been determined in the national measure of France, and 
the other in that of Great Britain. Here, at first sight, is a very different 
state of the case, for the English rod has been measured with a foot rule, 
and so has the French ; but though they should be of perfectly equal size, 
the lengths would not be expressed by the same number. 

a A 
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Now, therefore, it will be necessary to enquire a little further into 
first principles; and let us think for a moment what is afoot? The 
definition of a foot is twelve inches. But what is an inch ? Three barley- 
corns make an inch, as we are told at school ; but unless it can be shewn 
that the ears of barley in France have grains longer than those of England, 
it will be difficult to shew why the French foot is longer than the English, 
as it actually is, in the ratio of seventeen to sixteen nearly. 

Our enquiries will lead us at last to the conclusion, that what is called 
the standard yard of (ireat Britain is not in itself a very determinate 
quantity ; for take several carpenter's rules and compare them, and two 
of them will hardly ever be found alike; or take several brass Gunter's 
scales, as they are called, made by different makers, and they will by no 
means correspond with each other, nor is it easy to conceive how they ever 
should, for the old standard of reference, which was three grains of dry 
barley, must vary from causes almost innumerable. Indeed, in respect to 
national measures we owe no thanks to the wisdom of our ancestors. 

Every country in Europe has its own particular measure. We have 
the Roman palm, the braccio of some parts of Italy, the ruthc of Dantzic, 
and numerous others. Most countries, however, use the term foot, because 
it is supposed to have some relation to the part of the human frame most 
easily accessible, and whether it is owing to what are called the degene- 
rate modern days, or whether the foot originally was taken a.s a standard 
of reference with a shoe on it, certain it is that twelve of our inches, 
now-a-days, would be rather a longer foot than suitable to ornament or 
utility. 

It will hardly be credited, yet it is an actual fact, that there are in 
Europe alone upwards of a hundred different national measures, no two of 
which had, until lately, their relative values thoroughly known ; but if 
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this should seem matter of surprise, still more extraordinary must the fact 
appear, that until Captain Kater’s experiments, there were measures 
bearing the same denomination in our own country, none of which corres- 
ponded, so that every instrument maker, when he constructed what he 
called a standard scale, meant his own standard, which he had either arbi- 
trarily fixed for himself or inherited from his predecessor. 

The want of a determinate idea as to the measures of antiipiity, has 
always been a subject of perplexity to Historians, — ^in fact, in consequence 
of that defect, all the geographical details which we derive from that source 
are a maze of conjecture for the ingenious to build airy hypotheses in. 
Perhaps, however, this system, incongruous as it is, might have been suffi- 
cient to answer the ordinary purposes of life, and, if the question had never 
been started respecting the figure of the earth, would, in all probability, 
have been but little agitated, if at all. 

This was at first a mere speculative question ; it had been found by 
M. Ric her, a French mathematician, who went to make astronomical 
observations at Cayenne in 1(372, that the pendulum of his astronomical 
clock, which had been adjusted to mean time at Paris, lost above two 
minutes every day, and he was obliged to shorten the pendulum one-tenth 
of an inch to make it keep time in the latitude of 4' 50^. Such was the 
state of science at that period, (and we are not yet two centuries removed 
from it,) that when he drew conclusions from this respecting the diminu- 
tion of gravity, his opinions were scouted by almost all the Philosophers 
of Europe. Huygens was the first person who gave the subject fair con- 
sideration, and as he brought with him an overpowering array of mathe- 
matical reasoning, combined with inexhaustible patience, he soon discov- 
ered that pendulums must vibrate slower as they approach the equator ; 
but even Huygens could not solve the difficulty of assigning the form 
which the earth must assume. He made what we should call the two 
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hemispheres consist of two parabolic conoids, the bases of which met at 
the equator, where tliere was a ridge formed. 

Now, Navigators had gone over the equator, and they knew very well 
that the line was a mathematical line — tliat their ship did not strike 
against, or shew any manifest signs of such a ridge, and besides this, two 
plumb lines placed on opposite sides of the equator, but near each other, 
did not shew any sensible ditference in their directions, nor did nature on 
enquiry appear to vary from her usual course of doing nothing abruptly. 

Sir Isaac Newton was the first person Avho gave any solution of this 
question. In Prop. 19* Book 3d of the Principia, he demonstrates that a 
homogenous body like the earth might, in consequence of its diurnal 
motion, form itself into an ellipsoid of revolution, whose Polar axis was to 
the diameter of the equator as 229 to 230. This solution was the efiect 
of the new arm, then, for the first time, brought to bear upon this disputed 
point, for unless the law of the variation of gravity inversely as the square 
of the distance had been previously discovered, no power of analysis ever 
would have sufficed to elucidate it. 


But the demonstration was imperfect like almost all first attempts, 
and some points were taken for granted which were not mathematically 
true. Wet shall find some of these pointed out by M. Clairaut, one of 
which is very important to the subject, and consists in the annunciation | 


* Propositio XIX. — Est igitur Diameter Terra* secundum acquatorem ad ipsius diametrum 
per polos ut 230 ad 229 — ideoque cum Terrae semidiametcr mediocris juxta niensuram Picarti sit 
Pedum Parisiensiuni 19615800 seu iniliarum 3923,16 (posito quod miliarc sit mensura pedum 5000) 
terra altior erit ad aequatorem quam ad polos exces.su pedum 85472 seu miliarum 17j^*g, 

-t- 11 est aise dc voir que ce theorcine est entierement enntruire a cc que M. Newton a avanc6 
dans la proposiiion XX. du troisieine livre des Principes, P. 251, drc. PS. 50< 

J Liber Tevtius Prop. XX. Et propterea terra aliquanto altior est sub ccquatorc quam pro 
superiore calculo et densior ad centrum quam in ibdinis propc supcrficiem. 
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that an increase of density in the earth, from tlie surface to the centre, 
would he attended with a greater protuberance at the equator than in the 
cases of homogeneity. 

As it is not an object to enter into a minute investigation of this 
abstruse question at present, this part of the subject may be dismissed 
with the name of M. Clair a.ut, who first fully considered the question of 
the figure which a planet must assume with a density gradually increasing 
from the surface towards the centre. 

The theory of Sir Isaac N i’.wton was not well received at first — it 
impugned the doctrine of the vorl ices of 1>escartes, which was then in 
higii favor in France. M. I'xcakd had measured an arc of the meridian in 
France between Amiens and Malvoisinc about 1°^ of the quadrant; 
MM. Cassine, De la Hike, and others, resumed this, and continued it 
through the whole extent of France in several sections, which were finish- 
ed in 17lh, and it ivas found that the lengths of the degrees diminished as 
the latitudes encreased, which rather tended to give an elongated than an 
oblate form to the globe. This was afterwards found to result from errors 
of computation, but since the comparison of contiguous degrees is not the 
best way to determine with great accuracy so very small a quantity, as 
the compression would be, the Government of Louis XV. resolved on 
fitting out two expeditions, one of which should measure an arc as near 
the equator and the other as near the pole as possible. 

It was in 1735 that MM. Bougueb, De la Condamine, Godin, and 
several assistants and artists on the part of the French Government, ac- 
companied by Dons Juan and Ulloa, on the part of that of Spain, went to 
Quito, in Spanish America, and at the same time the northern expedition 
under MM. Maupertuis, Claibaut, Mounieb, Camus, Celsius, and 
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others went to Torneo in Lapland — permission having been obtained from 
the Swedish Government for that purpose. 

Both these expeditions were fitted out with the best instruments 
then to be obtained, at the expence of the French Government. The 
operations under the equator occupied upwards of ten years, and those of 
the polar circle about two. 

One cannot too much admire the determination and constancy with 
which the b^rench Government seems to have been actuated on that occa- 
sion. The onus j)rohandi did not lie with them more than with us, per- 
haps not so much so — nature and fortune had bestowed upon England the 
greatest philosopher mankind ever saw, and our ancestors must bear the 
reproach of having neglected as unworthy of them that pre-eminence in 
science, which had it fallen to the lot of any other nation in Europe, would 
have been looked on as a high source of pride. Tl is very true Sir Isaac 
Newton was recompensed, whilst living, by a lucrative post at the Mint, 
and it is equally true that monuments have been erected to him in West- 
minster Abbey, and elsewhere ; but the best monument which a grateful 
country could have bestowed on this most eminent and distinguished of 
her sons, would have been to establish the truth of the doctrines he had 
promulgated by actual experiment, instead of leaving them entirely to the 
mercy of strangers. 

Not to dwell too much upon these preliminary matters, it will now be 
advisable to explain what the figure of the earth has to do with the subject 
on which we started, for it is desirable to show that this is not merely a 
speculative point for the philosopher to amuse himself with in his closet, 
but one of actual practical utility, according to the conception which 
I have of the meaning of that term. 
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If it be conceded that geography is useful — then there is no pure source 
from which we can draw our elements, but this. Let us measure a 
distance on the earth’s surface by the primitive mode of the drying of 
a wet leaf,* the more modern method of the duration of a smoking 
pipe,') by pacing, by chains, by rods, by perambulators; we must (do what 
we Mali) for geographical purposes reduce the distances so found to degrees, 
minutes, and seconds, of latitude and longitude. But unless we know how 
many miles, or feet, or pijies, go to the degree, the mode of comparison is 
Mounting to complete the reduction. 

If the earth were quite .spherical, all degrees of latitude would be 
C(]ual, and all degrees of longitude M'ould v.ary as the cosines of the latitude, 
but that is not the case if it be compressed at the poles, for the length of de- 
grees of latitude would then increase as we recede from the equator, and the 
length of degrees of longitude would cease to vary in the above proportion. 

There is a class of people who will reply to this that we have only to 
look into any elementary book on arithmetic, and there M'e shall find that 
sixty-nine and a half British miles make a degree ; — the same gentlemen, 
amongst whom Mr. Coubett has occasionally figured, whilst the humour 
was on him, together with many others as far surpassing him in rank as 
he does them in intellect, will be ready to declare that pounds, shillings, 
and pence arc the only useful knowledge, and that tare and tret, and 
bills of parcels, are the fittest boundaries to limit the mathematical educa- 
tion of Englishmen. We all must recollect M. Voltaire’s story of Jean- 
NOT and Colin. How the young Jeannot suddenly became raised to the 
peerage from being a peasant, and how the father and mother of Jeannot 

* A practice common with the Hindoos. 

t The Dutch boors at the Cape of Good Hope commonly estimate by this method* I am told 
the natives of the liills near Assam do the same* 
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discussed with his governor what he was to be taught, but that author 
must be left to speak for himself, for it is impossible to improve upon his 
«lelicatc irony by any description. 

“ Mais qu’ apprcndra-t-il done? Car encore faut-il qu'il sache 
quelque chose ; ne pourroit-oii pas lui inontrer un peu de geograph ie ? 
A <iuoi cela lui servira-t-il ? repondit le gouverneur — <iuand Monsieur le 
Marquis ira dans ses terres, les postilions ne sauront ils pas les chemins ? 
ils ne r egareront certaineinent pas.” 

We are all acquainted with what is called the precession of the equi- 
noxes. The mean annual precession is the joint etlect of the Sun and 
Moon, acting on the protuberant portion of matter about the equator, and 
is determined by finding how much any particular star has retrograded 
in right ascension, by a comparison of observations made by the older 
astronomers with those made in recent days. 

But Bkadi.ey never would have been able to separate the inequalities 
which he detected only in heaps and parcels into the atoms of aberration, 
Solar and Lunar nutation, and inequality of precession, unless he had 
had an approximate value for the excess of matter at the equator, and 
it cannot be doubted for a moment that the nearer we approach to the 
real value of this astronomical datum, the more truly we shall be able 
to assign the amount of the effects which are produced by it. 

Not to tarry too long at this part of the subject it will suffice to notice, 
that on account of the ellipticity of the earth's meridians, the direction 
of gravity is not towards the centre, and that in the determination of 
Lunar parallaxes it is necessary to compute the angle, which the normal 
makes with the diameter drawn to any point on the surface, but this 
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angle being a function of the compression, a knowledge of the figure of 
the earth becomes here also an indispensable condition. 

Enough has perhaps already been said to warrant the conclusion 
that this is one of the most important problems of astronomy in respect 
to practical utility, and he Avho would deny the expediency of prosecut- 
ing the researches necessary to its investigation, must be prepared to 
pronounce the same sentence of exclusion against astronomy as con- 
nected with navigation, against geography, against every other branch 
of science, or else to waive all claim to consistency. But the figure of 
the earth can only be known by a comparison of measures made in 
parts of the globe separated from each other by a considerable ditrerence 
of latitude, such as two large arcs of the meridian or of longitude. 

Hence then we arrive at the absolute necessity, as far as science is 
concerned, of establishing the exact relative value of the units which have 
been used as standard.s by the various nations who have engaged in what 
are called Geodelical operations, and first it is of all things requisite that 
w e should begin by having some decided measure of our own. 

For this purpose the Parliament of England selected the yard used by 
Mr. Biud as the standard, and Captain Kater had the task assigned to 
him of comparing all the otl\er measures, such as Sir Geo. Shcckburgh’s, 
General Roy’s, &c. with this ; a detail of the experiments made for this 
purpose will be found in the Philosophical Transactions for 1B21, as also 
the comparison of the English and French standard measures with each 
other. 

The French at the time of the Revolution of 1791, w’hen the rage for 
fraternizing and levelling was at its height, sought for some means of 
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establishing an universal system of weights and measures which should 
be c ommon to all nations ; but it would obviously be necessary to that end, 
that some unit, which nature afforded as a constant mark of reference, 
should be fixed upon as the basis of the system ; now nature gives us 
many lovely flowers and beauteous plants, and a thousand and a thousand 
diversified shapes, but we can only cull from all her productions two units 
which are at all accessible and unchanging. These are the lengths of the 
pendulum in a given latitude, and of the meridional quadrant. The latter 
of these accordingly was selected, and great pains were taken by the 
French to deduce the exact distance from the Foie to the Equator by means 
of the comparison of an Arc extending from Formentcrato Dunkirk, with 
the former measure of I?:!/), which T have above adverted to as having 
been undertaken under the government of Louis XV. 

The ten millionth part of the meridional quadrant thus found, was 
taken as the future national standard unit of France, and called the 
Metre. 

The old French measure was the toise of (» Paris feet, and the two 
iron bars of this denomination which went, one to the Polar circle, and the 
other to the Eijuator in 1735, had been rigorously compared with each 
other at the temperature of 13® of Reaumur ; one of these, called the 
toise de I’Acadeinie or toise de Perou, w'as still in good preservation, 
but that which went to the North had been rusted in consequence of having 
been shipwrecked in the gulph of Bothnia. 

13* of Reaumur is equivalent to 10,^ of the scale of Celsius, or the 
centigrade, and to 01 of Fahrenheit. The English standard temperature 
is 0'2* of Fahrenheit. The temperature of the metre, or module, is zero of 
the centigrade of Reaumur, and 32 of Fahrenheit. 
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We have still therefore much to abolish before we can arrive at any 
uniformity of measures, but in the present case it is an object to avoid 
confounding the subject of measurements made with a view to determine 
the figure of the earth, with those whose object is the establishing the 
length of the metre. The latter seems to be now generally allowed to be 
a fanciful attempt, for what can it matter, whether we get our standard 
unit from nalure or from art ? Whether we first fix our foot or yard, and 
deduce the (piadrant of the meridian in terms of it ; or derive the length 
of our standard from the length of the second’s pendulum, or from an 
aliquot part of the computed quadrant ? 

But to the determination of the figure of the earth, the relative values 
of the difierent national units which were employed, must be accurately 
known ; moreover, as all operations undertaken for the purpose must 
dcjiend on some base, which has been measured under different states of 
the Ihermometer, and perhajis under great alternations of heat and cold, 
it follows of course that the exact mean temperature must be known and 
corrected. Unless some method can be devised of introducing into our 
apparatus the principle of its own compensation. 

It is not an easy task, however, to ascertain the exact temperature of 
a rod of metal; thermometers may be placed near it, but they will only 
give the temperature of the surrounding air, which may diftcr very sen- 
sibly from the metallic bar. 

The mode of measurement with a steel chain has hitherto prevailed 
in England and in India, but it is very objectionable principally on the 
following accounts. 

1st. The impossibility of knowing it.s exact temperature and the 
consequent allowance to be made for expansion. 
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2nd. Of giving an equal degree of tension. 

3rd. Of preserving the joints from the effects of oxydation and fric- 
tion. Other reasons there are, but they might perhaps be remedied — 
those now detailed are insuperable. 

It is not necessary to enter into the details of the various measure- 
ments made in France, or of that made by Maiuk and Boscovich, com- 
mencing near the tomb of CeciniA Metklla, and the high way to Alba 
Longa, or the two operations of Yarouqui andTAUuui in Peru. 

Suffice it to say that in all such operations, the coincidence of a mea- 
sured b.ase of A'erilication with one computed has never been free from the 
imputation of arising from a happy compensation of errors, whilst if there 
were a difference, no surprise was excited by it. 

The apparatus before us is the invention of Colonel Colby, of the 
Royal Engineers, and contains the principle of self-correction for increase 
of temperature. 

* It consists of a series of bars arranged in pairs — each pair consisting 
of one bar of brass and one of iron. The pair thus formed is firmly 
clamped together in the middle by two cylindrical pieces of iron, so that 
no motion can take place towards the centre. 

The length of each bar is 10 feet 14 inch, the breadth is 0‘55 of an 
inch, and the depth 1'5 inch ; at each of the extremities an aperture is 
worked out 0‘ 9 of an inch high, and 1*1 inch longitudinally, extending 


* The reader is referred to the accompanying plates containing plans, sections and elevations of 
the apparatus and its principal parts, for an explanation of this description. 
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through the whole breadth, and leaving 0‘3 of an inch of the depth above 
and below ; the parts which remain being perforated so as to admit a 
conical pivot to work in the two concentrically. 

Now, if the two bars be placed parallel to each other and clamped 
together as abovenientioned, and if a flat tongue of iron 0*2-5 of an inch 
thick, 1*1 broad, and 0*2 long, with two pairs of pivots, each pair forming 
an axis projecting perpendicularly to its plane, be applied horizontally to 
the apertures abovenientioned, the distances between the centres of the 
two axes being 1*8 inch, it is plain that if one bar increase in length more 
than the other, one extremity of the tongue may, by means of these axes, 
revolve through a small arc round some point near the other extremity ; 
and moreover, if there be such another tongue and apparatus at each end 
of the compound bar, both tongues will have a similar tendency, so that 
if the cause be the same of this increa.se in length, the one tongue will 
revolve through an arc just as great as the other. 

In Colonel Colby's system, one of the two bars is of brass, the other 
of iron. The tongue has one axis at 0*5 of an inch from one extremity, 
working into the aperture of the brass bar, and the other at 2*.‘I nearly 
working into that of the iron bar, whilst the rest of the tongue projects 
outwards. 

The expansions of brass and iron are variously stated by different 
authors, but they are not far from the ratio of three to two.* Let us 
suppose them to be exactly so, then since 1*8 inch is the distance between 
the two axes, if double that distance, or 3*6 inch were set off’ from the 


* Expansion of brass bar, 
Ditto of iron bar, 


•0000101850 > of Fahrenheit. 

•0000069844) 3 

D 3 
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centre of the axis, which works in the iron bar on tlie line produced 
through both axes, we ought to arrive at a point which would in no wise 
be affected by the forces arising from the jutting outward or shrinking 
inwards of the ends of brass and iron bars in consequence of increase of 
temperature. 

Upon the principles of similar triangles, this point would form the 
vertex of a set of triangles whose bases are the relative increments of 
the brass and iron bars from heat, and as there would also be some 
nodal point on a tongue similarly situated at the other extremity of the 
compound bar, therefore the distance between these two nodal points 
would be constant, and in no wise liable to be aftected by changes of 
temperature, provided such increase or diminution of temperature were 
sufl'ered by each metallic bar at the same time and in equal intensify. 

The difficulty then is to mark these neutral points and it is accom- 
plished as follows. Two miscroscopes, with moveable wires, are fixed on 
solid stone pillars let into a wall of masonry, and when this has had time 
to dry and become perfectly consolidated, the moveable wires are adjusted 
over the two dots of an iron, or other standard of ten feet in length, at the 
temperature of 02° of Fahrenheit. 

The bars are then heated in an oven as equably as possible up to the 
temperature of 180° or upwards, in that state they are taken out and 
placed under the mural microscopes, and a point on one tongue having been 
assumed, the corresponding point on the opposite tongue is sought for, which 
maintains an invariable distance from it during the process of cooling. 

This operation in slow and tedious like all works of approximation, 
but it is particularly so because it appears from experiment that the brass 
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and iron bars do not cool equably, if their natural surfaces be exposed to 
the air. Hence it has been necessary to apply coatings of varnish so as 
to give surfaces which shall make them radiate alike, and as this varnish 
must be only applied partially, the quantity, which is just suflkient for 
the purpose, and no more, must be patiently ascertained by a series of 
repeated trials. 

Strictly speaking, the distances from the neutral points on the tongue 
to the centres of the two points ought in every position to bear the same 
proportion to each other as the increments of the brass and iron bars do, 
but a very little consideration will suffice to shew that the increments of 
the tongue itself will not be sufficient to answer that condition ; the error 
must however be one of the second order, and has hitherto been considered 
as rejectaneous, which it most probably is. 

Tlie {:ompound bar thus formed, is placed upon two brass rollers 
which revolve each upon an axis fixed into a deal-box, w'hose length 
is sufficient to enclose the whole metallic apparatus, except the tongue 
which protrudes at one side, and is protected by a cylindrical cover 
of brass tube, part of which turns round and brings a circular aper- 
ture over the dot marking the neutral point. The box is of deal 
and painted W'hite on the outside, it is lined with white cloth, and 
there is an inner box covered on both surfaces with white serge, so 
that a stratum of air may pass between the outer box and its interior 
lining. 

At each end of this deal box there is a common brass sight which 

% 

serves to lay the bar approximately; there is also a brass plate with 
screw holes, by means of which are fixed to the box the arms intended to 
support the microscopes. 



201 


MEASURING APPARATUS OF THE 


There are seven sets of microscopes, each consistinj; of two common 
microscopes, and one telescopic microscope. The use of these is as 
follows. The two common microscopes are compensated by means 
of parallel bars of brass and iron in the same manner with the mea- 
suring apparatus, and the condition of compensation requires that, 
when each microscope is in focal distance in respect to the dot of 
the bar to which it is attached, the horizontal distance between the 
lines of collimatiou of the two microscopes shall always be the same 
quantity, which ought to be six inches of Parliamentary measure at the 
temperature of G2“ 

There are six of these compound bars which are aligned in succession 
by means of an instrument called a boning instrument, placed at a certain 
number of paces in the rear. 

The first operation is to drive a set of pickets into the ground to 
support the tressels, two of which are required for each bar ; this must be 
accomplished by measurement with a common chain or rope, the line of 
the pickets being traced with respect to the middle of the bars, and not 
that of the dots or microscopes. 

The pickets being driven, one of the bars having a set of microscopes 
at each end, is brought into the alignment, by placing the telescopic 
microscope over the limit of the line to be measured. 

Over the eye tube of this telescopic microscope a small brass 
upright called a director, is then raised^ and the boning instrument, 
by means of this and the other limit, being now properly placed in 
alignments, the other end of the first bar is also placed right by means 
of its director. 
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The second bar is now brought up to the first by placing the rear dot 
under the advanced microscope attached to the first bar, and raising or 
lovvering it to focal distance. In tlie same manner the 3rd, 4th, 5th and 
()th, when the scries is terminated by fixing one of the triangular registers. 
After the length of the whole six bars has thus been taken oft", the leading 
register is left standing and another set of bars is placed and measured 
otr in the same manner. 

For the better preservation of an equable temperature, the whole of the 
measurement with these bars is carried on under shelter ; a certain number 
of tents of a suitable form being constructed on purpose, and especial care 
is taken to preserve the apparatus from the direct action of the sun’s rays. 

The a<ljustments of the sets of microscopes consist in placing the 
side telescope parallel to the plane which passes through the lines of 
collimatiun of the two microscopes, this is done as follows; direct by 
means of its sights, the six inch brass ruler to a mark on a piece of paper 
fixed at thirty or forty feet distance on a wall, and place over it the two 
microscopes with each of the dots under a wire, then direct the side teles- 
cope to the same paper, and mark the point it cuts. Now turn the set of 
microscopes half round in azimuth, so that the jmsitions may be over the 
contrary dots to what they were before, and having turned the side teles- 
cope half over in altitude, mark the point on the wall which its wire cuts 
in this new position. If then the distance between each of these points, 
and the middle point be exactly equal, the line of collimation is quite 
parallel to the lino running through the microscopes, otherwise it must be 
adjusted half by means of the screws, which affect the axis, and half by 
those which afi'ect the line of collimation. 

The measurement of every individual set of bars is taken horizontally, 
but it does not follow that the surface over which it is conducted need be 
horizontal ; for each tressel stands upon three pickets driven into the 

£ 3 
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ground, and 1st, the heads of these pickets may be left more or less above 
the surface. 2nd. Upon the pickets a large triangular frame of three 
inches thick deal is placed, which in cases of emergency may be dispensed 
with or doubled. 3rd. The tressels may be of different heights, and do 
actually vary from thirty to six inches ; again, each bar is supported upon 
a brass fabric called a camel which rests upon the tressel, and is furnished 
with three levelling screws, and one in the middle for elevating, therefore ; 

4th. The additional height given by 
the screws is three inches. These 
four means of adjustment may all be 
brought into play in descending or 
ascending a slope ; let us suppose the 
former case : then we should beuin 
with the lowest tressel, with the pickets as near the surface of the ground 
as possible, perhaps without any triangle over the heads of the pickets, 
and with the elevating and levelling screws of the camel quite drawn down 
whilst at the advanced end of the Gth bar, we should leave one inch or 
more of the pickets exposed, the highest tressel, supported on perhaps 
two triangle-s, would be used, and the elevating and levelling screws would 
be drawn out to their full extent. 

The extreme difference of height which might thus be produced, 
would be about thirty inches in a set (or sixty-three feet,) but in this as 
in all other cases of human life, it is desirable to avoid having recurrence 
to extremes, and the medio tutissimus is the best guide. 

1 have said that each end of the frame of the bar rests on a brass 
support called a camel. These have rollers at top so that the motion 
of the whole longitudinally is easily effected with the hand, but that one 
of each pair of camels which supports the rear end of the bar, has a brass 
plate appended to it with a steel screw, whereby after the dot has, as nearly 
as can be, brought into its proper position under the microscope, any 
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small alteration may be given to it longitudinally. This will be seen by 
a reference to the apparatus where the plate being fixed to the box by 
two brass screws, the long steel screws 1 have above mentioned, act in the 
same manner as a tangent screw on the limb of an instrument, and draw 
the whole bodily forward or thrust it backwards in a direction parallel to 
itself. There is also to each camel a large milled headed brass screw, 
which gives a differential motion laterally to each end of the bar. 

The registers which mark the limits of each set of bars in succession 
consist of a frame of cast iron, of a pyramidal shape, surmounted by a 
brass plate with a circular aperture of two inches in diameter. Through 
this aperture a tube is adapted to slide up and down, at the top of which 
is a circular head hollow, and perforated in the middle, so that an internal 
plate on which four screws act at right angles to each other may be moved 
differentially in a lateral or longitudinal direction ; this moveable plate 
carries a very fine dot engraved on silver : some of these registers have the 
tube made to slide below the frame altogether, in which case the ground 
must be excavated from beneath it. Some are a mere triangular slab of 
cast iron with a moveable brass register in the middle, they are used at 
leaving off at night, and in cases where they are likely to be left standing 
for any time, being less liable to derangement than the mo.re lofty ones. 
Each register i^sts upon a slab of stone sunk into the ground for the 
purpose. 

The meaning of the sliding tubes is that the small dot on the move- 
able plate may be kept as nearly at the same distance from the telescopic 
micrometer as practicable, but in cases of ground which slopes greatly and 
always where this is not attainable, a provision is made for altering the 
focal length of this microscope by changing the object glass. A small 
box which accompanies contains twelve sets of object glasses for this 
particular purpose, varying from four to twelve inches, and there are four 
others which are adapted to a difference of height so great as twenty feet. 
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I have now given you a description of all this apparatus, which you 
will see is very complicated. It is only the second which has as yet been 
constructed, and has been made after the model of that used in the base 
line near Loch Foyle, in Ireland. I wish I had the particulars of that base 
line with me, because I am persuaded they would have been very interest- 
ing to you, but as that is not the case, I must content myself with doing 
the best I can by way of description from memory. 

The different parts of the base were tried against each other some- 
what in the way shewn in the margin. 


The points A, and J?, are the limits of the base in which a, b, c are 
intermediate points ; b', c' are points chosen on the left, a'\ b", c" on the 

right. The angles about A, a, b, c, JB, are observed with an instrument as 
well as those at a', a", b', b^, c', c", so that taking any one intermediate 



distance, that from a to b for in- 
stance, it will be determined in three 
different ways independent of each 
other, viz. 1st, actual measurement; 
2nd, by the triangle a, a', b ; and 
8rd, by the triangle a, a", b. Some of 
the intermediate distances are tried 
by five, some by 1 think as much as 


seven computations, and the greatest difference does not exceed 0'25 foot. 


or three inches in as many miles, in which are included the errors of cen- 


tering the instrument wherewith the angles are observed. 


The apparatus now before us was subjected to a full trial by order of 
the Hon’ble Court of Directors in April last, under my direction, in the 
spot called Lords' Cricket Ground in St. John’s Wood road. I measured 
nine sets of bars with the assistance of Mr. Baurow, Mr. Western, and 
the Astronomer at Madras, Mr. Taylor, a party of the R. £. 1. Volunteers 
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having been lent for the occasion by the Chairman, and it is of importance 
to remark, that two of the Gentlemen of the Royal Engineers who had 
taken a prominent part in the measurement at Loch Foyle, Lieutenants 
Drummond and Murphy, were with me for two days, in order that no 
ijnportant step of the operation might be overlooked. 

Having measured the nine sets of bars in question, I returned over 
the same ground, and on reaching the register from which I had originally 
started, the return measurement exceeded the prior one by -j^th of an 
inch. Now 4 th of an inch in five hundred and sixty-seven feet, would 
amount to /i d inches in eight miles, and to one hundred and forty-five 
inches in a section of the meridian of about three degrees. 

The increments of degrees between the latitudes of 8® and 31® vary 
from 5-2 to HHi fathoms; if therefore we could be certain that this were 
the greatest quantity to be feared, there could be no doubt, philosophically 
considered, that the compensation bars would be quite adequate to the 
purpose for which they ■were designed, and that the superior accuracy 
attainable from them, would be commensurate with the greater toil entailed 
by their use, and the increased expence and complexity of their structure. 

It is my opinion that the variation of of an inch is rather more 
than need be apprehended, because the formation of Lords’ Cricket 
Ground is a thick clay, which retains the moisture at the surface, and as 
for several days of the operation rain descended in great quantities, there 
was an alternation of dryness and humidity much more unfavourable than 
need be looked for in actual measurement on a great scale. 

In fact the constant trampling of the feet of the soldiers and others 
who were occupied in the work, rendered such parts Ss were hollow perfect 
swamps, and ancle deep in mud and water, whilst the mdre elevated parts 
were hard and dry. 

p 3 
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This is a matter of opinion in which cveiy person must judge for him- 
self; hut if w'e refer to the bases measured by Maiuk and Bo^covich in 
Italy, by Deuambre and Meciiain in France, by Bouguer and De ea 
C oNDAMiNE in Peru,* by Roy and Muuge in England, by my predecessor 
and myself in India, we shall find no very insecure test of comparison to 
direct our judgment in forming an estimate of the superior accuracy likely 
to be attained by the new apparatus. I select these instances because I 
am not aware of any other operations in which two bases, verificatory of 
each other, have been measured. To take these then in order of their dates. 

The first base was measured in the plain of Yarouqui from Carabouroa 
to Oyambaro. It was performed with wooden rods called perches, pre- 
pared on the spot from a comparison with the iron toisc. It was com- 
menced on the .‘Id October, and ended on the 3d November, 1730. Tlie 
ground was gone over by two parties independent of each other, and the 
mean of the two results was 0272.0559 toises = 7.00 miles in a horizontal 
direction. The base of Tarqui, which is in 3° 4' South of the E(juator, 
was measured in the same manner in the month of August, 1739 : it was 
carri^ on through swampy ground, and the Avooden rods floated on the 
stagnant water, (“nous fumes dispenses dans ce trajet de faire usage da 
niveau, les perches avec les quelles nous operions flottaient sur I’eau.”) 

This base, reduced to the level of Carabouron, was 5258,949 toises, equal 
to 6'37 miles, and the same distance computed from the series of triangles 
was found to be 5200.03 toises,t shewing a variation of 1*081 toise 


* Tlie Conqutstadore of 64 guns, and the Incendio of 50 guns, sailed from Cadiz Bay, May 
26th, 1735. Bouguer, Godin, and De la Condamine, sailed from la Rochelle, in a Royal vessel 
16th May 1735. 

2*th November embarked at Portabello, in company with the Spanish gentlemen ; on the 
10th June 1736, all the party assembled at Quito. 

Dans un des intervalles de ce travail nous observames, lelOth Septembre au soir, I’Eclipse de 
la Lune. Tandis qu’on prepar it lesaperches que devaient nous servir a m^surcr la base. 

■)* 5260 toises = 6 miles 3 furlongs. 
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between actual measurement and computation ; but a length of 1*081 in 
5200.03 amounts to 1.3 inches in a mile, or 104 inches in 8 miles, and 
nearly 38 fathoms in a section of 3 degrees. In the month of April, 1751, 
MM. Maiiie and Boscovicii, under the auspices and at the charge of 
Pope Benei)u:t XIV, commenced the measurement of a base line from 
the tomb of Cecilia Metella to within 3 miles of Alba. The operation 
was executed with wooden rods set off from the Roman palm, and was 
found to be 7901.14 passi Romani, equal to 7.312 English miles : the base 
of verification for this was measured at Rimini, and found to be 8034.07 
passi, equal to 7.4.30 miles, whereas the latter deduced from the former in 
the table of triangles (Liv. II. Art. 20,) is only 8033*4, differing 1. *27 
passo, or 10 inches in a mile. 

The length of the base of Perpignan is 0000.25 toises, it was com- 
menced by Meciiain and finished by Delambre, in the month of Germinal, 
year 0 of the Republic, with the platina bars. It was connected with that 
ofAlELUN, which w'as executed by Delambre, and is 0075,9 toises, the 
former deduced from the latter is 0000*09, exhibiting a difference of 0*10of 
a toise, M'hich is about 0.17 of an inch in a mile. The latter wa.s completed 
in thirty-eight days: the expressionsof the author are — “ en travaillant de- 
puis ncuf hcurcs du matin jusqu'au coucher du soleil nousn) avons jamais 
pus parvenir i\ mesurer plusde .300 mtjtres* en un jour, e’estii dire, placer 
plus de quatre vingt dix regies au bout Tune de I’autre. ’ The base of 
Perpignan occupied in all 48 days, and was terminated on the 1st supple- 
mental day of the year 0. The author says in regard to this — “ on voit 
done qiie dans les circonstances les plus favorables ou ne peut gu^re se 
flatter avec tons les soins et le scrupule quo nous y apportions de mesurer 
une base de •112000 metres en moins de cinquante jours.” 


* 1181 1237 English feet. 

^ 39370.79 feet, or 7^ miles nearly, which is at the rate of 797 or 800 feet per day. 
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The bars used by the French Geodists in measuring their bases are 
of a peculiar construction. They are of platina, two toises in length, 
(» lines in breadth and about 1 line in thickness. Each of them is sheathed 
with a bar of copper within 0 inches of the extremity. The two plates of 
platina and copper are united at one end whilst the other is at liberty, 

ft 

and as the expansions of these two metals are nearly in the ratio of 1 to 2, 
it is evident that the unconnected, end of the copper bar will advance or 
recede from that cause on the platina ; the quantity being the difference 
of the increments or decrements due to the whole length of the bar. This 
then would be a thermometer of a most exquisite and delicate structure, 
provided the two metals radiated equally, and that the heat were equally 
diffused through the mass of each, but it is evident that such could never 
be the case unless the apparatus be sheltered from the direct action 
of the rays of the sun, and all other causes of inequality of tempera- 
ture. 


We come now to the measurements by General Mudo k wdth Ramsden's 
steel chain. In 1784 trials were made on Hounslow Heath, of a new chain, 
a set of deal rods, and a set of glass rods, on the 21st June of that year, a 
distance of 7.800 feet was measured and re-measured with the chains, and 
the return measurement differed from the 1st by inch, that is, 1 inch 
per mile. On the morning of the 18th August, a space of 1000 feet was 
measured with the steel chain, and with a set of glass rods, and the difter- 
ence after reduction for temperature was only -02 of an inch, a quantity 
incredibly small. The remainder of the Hounslow Heath base was mea- 
sured with glass rods. 

On Monday, .lOth August, the measurement with the glass rods was 
completed, being after all reductions made, 27404,01.37 feet at the level of 
the sea ; so that the daily rate of progress was 2,108 feet. Here the soil 
is so level that the rods lay on the ground without support. 
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The base of Romney Marsh was measured with the steel chain, sup 
ported on coders, it was begun on the ITith October, 17H7, and ended 4th 
December, and was 285.‘i.'j.()77 feet, and here we find introduced two of 
those cases of perplexity which I have alluded to before : viz. 


Correction for contraction of the chain, Sub. 1.0007 feet. 

Correction for wear of the chain, Add. 0.273-3 


I do not mean to say these are incorrect — all I mean is, that they are 
hypothetical, and as such arc not as satisfactory to the common sense 
and good understanding of mankind as a measurement which is depend- 
ent on fact alone. 

This base when deduced from that on Hounslow Heath by the triangu- 
lation, was 2033.3. :) feet, so that there is a difterence between computation 
and actual measurement of 2.277 feet, which is at the rate oCo.OO inclms 
in a mile. 

In the Summer of 1701, the base on Hounslow Heath was re-measured 
w ith the .steel chain in coffers, supported on pickets. The operation occu- 
pied 43 days, and was found after all reductions, to be 27404.3153 feet, or 
about .3010 of a foot greater than the former one — this is about .607 of an 
inch per mile, and the daily progress Avas 630 feet. 

It is not necessary to go into a detail of all that has been executed with 
the steel chain in Great Britain, but it is some criterion for us to form a 
judgment respecting that apparatus, when a gentleman ofColonel Colby's 
reputation and talent, who has been so active a participator in all connected 
with its application, comes forward as an active reformer, and by introduc- 
ing the apparatus of w hich you now see the fac-similc, virtually pronoun- 
ces his opinion as to the fallibility of that which he seeks to supercede. 

o 3 
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As to the operations by my predecessor, they are all before yon in 
the memoirs of this Society, excepting]; the last two bases, of which a detailed 
account is found in my printed book. 

The first of these is the base of Tuhd Klu ra, which was measured by 
Colonel L.vmi’.ton’ on the ground, between the Gth January and 2-jlh Janu- 
ary, 1}322. It was .3791 2.50, &c. feet, and conse<iuently the daily progress 
was 1090 feet nearly. 

The base of Seronj was measured by me on cofl'ers, and tvas 3841 1.9 
feet, it was completed in 20 days, i. c. between 21lh iNovcmbcr and 13th 
December, 1824, the daily rate of pros^ress was therefore 1920 feet. 

The base of Seronj computed from the triangnlation between it and 
Takal Khera is 38412.10 feel, giving a dilfcrencc of 0.20 feet in the whole 
length, or .4288 of an inch in a mile. 

The lieder base, as will be seen on reference to the T ransactions of this 
Society, was found from measurement to be 30800.170 feet, but the same 
base deduced from tiic series of triangles connecting it with Takal Khcrn, 
is only .30799.01, giving a difTcrence of 0..')7 feet nearly, or 13.510 inches 
per mile. 

Thus t^n, it would seem, that the chain though generally correct, 
is not of that trust-worthy nature that can induce an entire confidence in 
the results it produces. A happy combination of errors may perhaps, 
and generally will make them annihilate each other, but there is an uncer- 
tainty attached to the reliance on such a contingency, which is any thing 
but satisfactory in cases where the exact sciences are concerned. 









XIII. 


EXPERIMENTS 

ON THE 

STRENGTH AND ELASTICITY 


or 

INDIAN WOODS. 


By captain H. C. BAKER, 

lienyal Artillvnf, 

AGENT I'OK IBON SUSPENSION BlUIXrES, kr 


The experiments detailed in tlie following Table were made on differ- 
ent occasions, to determine the strength of various specimens of Wood 
supplied to me by the Honorable ("ompany's Timber Agents, and by 
private individuals, who were interested in the subject, and who had 
opportunities of obtaining foreign Woods in their visits to the Tennasse- 
rim Coast, Arracan— -the Morung forests, Orissa, &c. A short account of 
some of my original experiments, was published in the Gleanings in Science, 
vol. 1, pages 123 and 231 ; but as many of the Woods then submitted to 
trial, were hardly in a seasoned state, I have included in the present Table 
only the later experiments upon them when they were perfectly seasoned, 
and when therefore more dependence could be placed on the results. 
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I regret that the Notes furnished with the Specimens were, inmost 
cases, insufficient to enable me to describe at large the qualities of the 
several kinds of Timber, or the purposes to which they arc applied in 
the countries where they flourish : the native names too, are, in many 
instances, of doubtful orthography, resting upon the vague pronunciation of 
the people of the spot, and taken down by mere sound of ear. In most 
instances, however, with the kind assistance of the Revfl. Dr. Cauey, and 
Mr. Potter, for the Woods of Bengal and the Bast, and ofDrs. Rovee 
and Palconer, for those of Upper India, 1 have been able to assign the 
Botanical names of the trees. 

The numbers in the first column refer to the Specimens lodged with 
the Society. The results given arc the means of about four experiments 
on each kind of wood. The term C, or direct cohesive strength in ll>s. 
avoirdupois in the square inch, in the last column, is ex])erimentally 
found by tearing asunder about an equal number of specimens, turned 
according to the method described in Barlow's Treatise on the “ Strength 
and Stress of Materials.” 

The Specimens, except when otherwise staled, were six feet long, 
two inches square : the distance of the supports live and a lialf feet. 


Calcutta, 
November 1, 1832. 5 



Mean results of a course of Experiments on the elasticity, and on tint transverse and direct cohesive strength 

of various Indian Woods^ 1830. 
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could not bo introduced, for want of reference to the namc^ in the native character. 









XIV. 


DESCRIPTION 

OF THE 

WILD DOG OF THE HIMALAYA. 


By B. II. HODGSON, Es«. 

KATHMANDU 


Cams Primievus. (Mihi.) 

Tlie liuansH of the Nipalese. JIabilat, The whole of the Sub-Himalayan 
ranges from the Satlej on the West to the Brahiiiaphtr on the East. 

SFECIFIC CHARACTER. 

U'ild Do{(, with six mofurs only inlhcloiver Jatv, double cool, hairy-soledfeet, 
large erect cars, and very bushy straight tail, of medial length, deep rusty 
colour above, yellowish below. 

The Dog, man’s first and best ally among the brtites, cleaving to us from 
the beginning, accompanying us in all our settlements in every climate of 
the habitable globe, and submitting his fine plastic form and faculties to 
be moulded at will by our wants and our caprices, has been so thorough- 
ly changed by influences very similar to those which have operated upon 
ourselves, that his original, like our’s, has been supposed to have now 
become inscrutable. 

I 3 
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Tlie Greyhound and the Bull Dog, like the Georgian and the Negro, 
are, it is supposed, in their respective kinds, specifically the same ; and 
the test of this specific identity is that the progeny is prolific. But the 
application of this test to the Canine race having been found to identify 
the Wolf, the Jackal, and the Fox, with the Dog, the Zoologists of the 
last age, w'ho unhesitatingly admitted the test, and who had no knowledge 
of a Wild Dog, properly so called, assumed, of necessity, some of them, 
the Wolf, others, the Jackal, and others again, the Fox, as the priiuicval 
type of the Canine race. The suj^erior Zoological Science of the present 
age has perchance suggested some little doubts as to the soundness of the 
test of species above named; and, certainly, if we pursue this hypothesis 
into all its known consequences, we shall sec room for hesitation. Al- 
though, therefore, anatomical investigation has failed to discover any 
material difference of organization or habit between the Wolf, Jackal, Fox 
and Dog, and although the.se several races will breed together, yet the 
present masters of the subject of Canine genealogy (M. F. Cuvif.u and M. 
Desmauest) notwithstanding their continued want of an unquestionable 
Wild Dog, have refused to supply the deficiency of an original type by 
adopting as such the Wolf, the Jackal, or the Fox. 

By M. F. CuviEii whose arrangement of the Caninaj, has been 
ratified by all the first Zoologists in Europe, — the Dogs are disposed 
according to their approximation to the primitive type so far as that type 
was discoverable in the wildest race known then to exist, and of udiicli 
there were specimens accessible to him. The race in (luestion is the 
Dingo of Australia. 

' \ 

But, as the Dingo is, unquestionably, at least half reclaimed, I pre- 
sume that a careful account of an entirely wild species of Dog, will be 
very acceptable to all who take an interest in the subject. And which of 
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U8 but must regard with interest the portrait of the primitive Dog, either 
from affection for that devoted friend and follower of human kind, or, from 
the light which the inquiry is calculated to throM'^ upon the nature and 
limits of the distinction of species. 


The Ihiansu, or Wild Dog of the NipaJese, inhabits that part of 
these mountains which is equidistant from the snows and the plains, 
or in other words the middle region of Nepal. But he frequently 
wanders into the southern division, and, sometimes, into the northern. 
His limits, east and west, arc, as I know, the Kali and Tista; and, 
as I am informed upon good authority, the Sallej and the Bmhmapulr. 
Wild Dogs, probably not materially differihg from those of Nepal, are 
found, likewise, in the Vindhya, the Gkdls, the N'i/<fifis, the Kasya 
Hills, and finally, in the chain extending brokenly, from Mirzapur, 
through south Jiehar and Orissa to the Coromandel Coast, 

Nor do Ceylon and the Eastern Islands want their Wild Dogs ; and it is 
not therefore without surprise that I find the first Zoologists in Europe, 
whilst expressly treating of the Dog, as he was prior to all cultivation, 
instancing the more than half domesticated races of Australia and of 
North America. But the fact is that the Wild Dog of the East (where 
alone he seems now to exist) is so extremely wild as to be really seen, 
more rarely killed, and still seldoraer procured alive ; and that Britons 
in India have too little leisure to record with the requisite accuracy of 
detail for scientific purposes their casual observations, whilst sporting, of 
new and remarkable animals.' I have myself been acquainted with the 
existence and general character of the Wild Dog of Nepal, for a long 
time past, and some years ago 1 sent to M. Duvaucel, two very fine 
specimens alive; which, however, probably met the fate too often attending 
presents of this sort. 
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Blit having since obtained many individuals, alive, some of which, 
lived in confinement many months and even produced young, having been 
enceinte when they reached me, I considered it my duty to keep memo- 
randums of such traits of character and manners as I was enabled to 
observe ; and, as I see no prospect of the task falling into abler hands, 
1 shall now record the substance of those memorandums, embodying them 
in such a description of the essential characters, aspect and habits of this 
most rare animal, as my small conversancy with the science will permit 
me to give. 

To tny description, I shall add drawings of the Budusu and of his 
skull, together with (for the sake of comparison), others of the Jackal and 
Fox, and of their skulls. These drawings are upon an uniform scale, 
reduced with the Camera, from others of the natural size ; and, in order to 
be more precise, I shall in my description of the liudnsu follow the 
principle upon which the sketches have been executed ; that is, 1 shall 
endeavour to illustrate my subject by constant reference to the Jackal, 
and occasional reference to the Fox— animals which are, or ought to be, 
sufficiently well known. 

Of all the wild animals that I know of similar size and habits, the 
Budnsu, which is large, gregarious, and noisy in his huntings, is the most 
difficult to be met with. He tenants solely the deepest and most solitary 
forests of this woody and little peopled region. The woods which cover 
the mountains environing the valley of Nepal proper afford shelter to 
numbers of Jackals as of other wild animals; but the Budnsu never was 
known to enter them, or, to approach so near to a populous district. This 
prototype of the most familiar of all quadrupeds with man is, in the per- 
fectly wild state, the most shy of his society. [ never beheld the Budnsu 
myself in the state of freedom, and therefore what I am about to say of 
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his manners in that state must rest upon the authority of others — highly 
respectable natives who spoke to what they personally knew. 

The Wild Dog preys by night and by day, but chiefly by day. Six, 
eight, or ten unite to hunt down their victim, maintaining the chase by 
their powers of smell rather than by the eye. They usually overcome 
their quarry by dint of force and perseverance, though they sometimes 
eftect their object by mixing stratagem with direct violence. Their 
urine is peculiarly acrid: and they arc said to sprinkle it over the 
low bushes amongst which their destined victim will probably move ; 
and then, in secret, to watch the result. If the stratagem succeed they 
rush out upon the devoted animal, whilst half blinded by the urine, and 
destroyed it before it has recovered that clearness of vision which could 
best have enabled it to flee or defend itself. 

This trick the BudnstU usually playoff upon the animals whose speed 
or strength might otherwise fail them, such as the buffaloe, wild and tame, 
and certain large deer and antelopes. Other animals they fairly hunt 
down, or furiously assail and kill by mere violence. In hunting they bark 
like hounds ; but their barking is in such a voice as no language can 
express. It is utterly unlike the fine voice of our cultivated breeds ; and 
almost as unlike to the peculiar strains of the jackal and of the fox. The 
Budnsu does not burrow like the wolf and fox : but reposes and breeds 
in the recesses, and natural cavities of rocks, in the manner of the jackal 
of Nepal. These peculiarities of domicile are probably in a great degree 
the consequenceso fthe respective habitats of the animals in open plains or 
mountain fastnesses: and they doubtless change them when constrained to 
change their location. There is scarcely a wild animal, however large or 
formidable, which the Wild Dogs will not sometimes attack and destroy ; 
and tame buffaloes and cows, when grazing in very solitary districts, 

K 3 



DESCRIPTION OF THE 


22F. 

somelinifg fall a sacrifice to their ravenous appetite. Human being.s they are 
never known to attack; and indeed they seem to be actuated by a very 
j)cculiar degree of dread of man. Those whicli 1 kept in confinement when 
their den was approached rushed into the remotest corner of it, huddled one 
upon another with their heads concealed as much as possible. 1 never dared 
to lay hands on them, but if poked with a stick they would retreat from it 
as long as they could, and then crush themselves into a corner, growling 
low, and sometimes, but rarely, seizing the stick and biting it with vehe- 
mence. After ten months’confinenicnt, they were as m ild and shy as the first 
hour 1 got them. Their eyes emitted a strong light in the dark ; and their 
bodies bad the peculiar fietid odour of the Fox and Jackal in all its rank- 
ness. They were very silent, never uttering an audible sound save when 
fed, at which time they would snarl in a subdued tone at each other, but 
never fight : nor did they on any occasion show any signs of fpiarrelsome- 
ness or pugnacity, — 1 turnedaferaale jackal amongst them, which they ad- 
mitted to share their den M'ithout the least sign of dissatisfaction. Shelived 
amongst them many months, but never showed any symptoms of breeding; 
nor indeed did any of the Dogs amongst themselves, though there were 
males and female.s. Three of the latter, at ditferent times, came to 
me enciente ; and, in the early part of F’ebruary, produced from two to 
four whelps ; in no instance more. The mothers licked them clean, and 
then utterly deserted them, but in no instance devotired them. One of the 
finest males I had broke loose, and, leaping a six-feet wall, attempted to 
make off ; but being instantly apprised of the fact, I gave him chase with 
greyhounds and horse. 1 shall mention his peculiar action by and bye, 
and meanwhile shall only observe that, after a run of a mile, we suddenly 
came up with him and found him quite dead ! The violent exertion after 
long confinement, proved too much for him ; he broke his heart. All 
my specimens refused dressed meat, and were fed with raw buffaloe beef. 
Besides the grown animals, I procured one young one, in March, about 
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a month old. I kept it in the kennel with the other dogs, where it lived 
for four months, and then died of diarrlura. This little creature, too 
refused every sort of food but raw meat. As it grew up, it M'as sufiered to 
go at large, and never attempted to run away. It was very frolicksome, 
and would play, for want of a mate, with its own tail — for, notwithstand- 
ing all its efforts to induce the other dogs to romp with it, one pup only 
out of several would have anything to say to it, and the grown dogs all 
avoided it. Its voice when extremely excited was a sciueak. At all other 
times it was silent, and it never made the least approach to a bark, properly 
so called. When angered, it showed its teeth and applied its tail close 
to the buttocks, in the manner of the domestic dog. When gratified by 
caresses, it threw itself on its back, pawed the caresser’s feet, and uttered 
its peculiar squeaking notes. It distinguished the dogs of its own kennel 
from others, as well as its keeper from strangers, and in its whole conduct 
manifested to the full as much intelligence as any of my Sporting Dogs 
of its age. But it was a shy shrinking creature, and rather unmanageable 
on that account, and it would not endure being tied up. When this young- 
animal reached me, it had scarcely any taint of the villainous odour proper 
to its race — the consecpiencc of youth merely — for as it grew up the odour 
increased more and more. The whelps, when born, have it not in the 
slightest degrce,males and females, when adult, are equally infected with it. 

The Budnsu is, in size, midway between the wolf and the jackal, 
being two and a half feet long from the tip of the nose to the insertion 
of the tail ; and twenty-one inches in average height. It is a slouching, 
uncomp-dct, long, lank, animal, with all the marks of uncultivation 
about it — best assimilated in its general aspect to the jackal, but with a 
something inexpressibly, but genuinely, canine in its physiognomy. It 
has a broad fiat head, and sharp visage : large erect ears : a chest 
nor broad nor deep ; a shallow compressed barrel somewhat strained at the 
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loins; long, heavy limbs ; broad, spreading, feet; and a very bushy tail of 
moderate length, straight, and carried low. Its colour is deep rusty red 
above, yellowish below. It stands rather lower before than behind, with 
the neck in the line of the body, the head unelevated, and the nose pointed 
almost directly forwards ; the fore limbs, straightened ; the hind, stooping ; 
the back, inclined to arch, especially over the croup ; and the tail pen- 
dulous. In action the tail is slightly raised, but never so high as the 
horizontal line. Though the Budtisu be not deficient in speed or power of 
leaping, yet his motions all seem to be heavy, owing to their measured 
uniformity. He runs in a lobbing long canter, is unapt at the double, 
and, upon the whole, is somewhat less agile and speedy than the jackal- 
very much so than the fox. In general aspect there can be no comparison 
instituted between the Bu&mu and the fox : but one may illustrate him 
by such a comparison with the jackal. To a rather more full opened eye, 
better placed in the head, and provided with something like a brow, the 
Budnsu chiefly owes his less sinister and more dog-like expression of 
countenance — the effect being aided by a rather better forehead, and less 
elongated and sharpened face. The Wild Dog's ears are twice as large as 
the jackal’s; his limbs considerably longer ; and his feet larger and more 
spread out, not to mention the great tufts of floccy hair with which their 
soles are provided, and of which we find hardly a trace in the jackal’s feet. 

The fur or external covering of the Bddnsu consists of wavy wool, and 
straight harsh hair — in Summer in nearly equal proportions — in Winter, 
two parts of wool to one of hair. The hair is, on the neck, 3 inches 
long ; on the back, 2^ to 2^ inches ; and on the tail 4i to 5 inches. 
On the face, ears, forehead, upper surface of the head, and legs, the hair 
is very short, closely applied to the skin and unmixed with wool. On the 
body in general it is longish, smoothly directed backwards, and rather 
loosely applied to the skin, by reason of the wool insinuating itself 
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between the interstices of the hair and ascendinj^ with it for two-thirds of 
its length. But on the neck an<l cheeks you have none of the more or less 
composed set of the hair elsewhere, those parts being shaggily dressed in 
hair, the set of which is irregular, but mostly outwards or porrect from 
the skin. The cheeks have in consequence the appearance of being 
whiskered; and the apparent volume of the head is thus greatly increased. 
The hums posteriorly are somewhat feathered; the belly and legs scarcely 
so. Tlie hair generally has a four-fold annulation of colour, from the base 
thus ; whitish, black, deep rusty, black — the first ring being very small — 
the second and third large and equal — the fourth, small. The visible effect 
of this distribution and proportion of the colours, aided by the reddish blue 
of the wool, is, that the animal appears to be of a full ferruginous red; the 
two basal rings being invisible and the terminal one scarcely noticeable 
from its smallness — not to mention that it exists only on the dorsal surface, 
and not on the sides ; nor, of course, below, where the colour of the animal 
is yellowish and no rings are found. The tail towards its base is ringed 
with pale rusty and blackish — towards its tip the hairs are almost or 
wholly blackish. 

The jackal, which is furred in a very similar manner to the Hudnsu, 
has his hair likewise ringed in the same way. But owing to the largeness 
of the terminal black ring, and to the very pale tinge of the penultimate 
red one, the general effect is very difterent. The jackal in consequence 
appears to be pepper and salt coloured with a tawny tinge ; whilst, as 
already observed, the Suatisu shows deep rusty red. Let us now recapitu- 
late the colours of the animal in the ordinary mode of description. Whole 
superior surface, with outsides of ears and of limbs as far as the wrists and 
hocks, deep rusty red, sprinkled with black on the back : whole inferior 
surface, with insides of the ears and limbs, and also the lips and jaws and 
feet, yellowish : chin darkened and reddish : bridge of the nose brownish : 
terminal half and more of the tail, blackish. Bristles of the lips, cheeks and 

L 3 



230 


DESCRIPTION OF THE 


chin, reddiih: those above the eyes, black: irides, red brown : naked skin 
of the nose and lips and the nails, black: palate and tongue fleshy white, 
^vith some stains on the former near the muzzle. Such is the male. The 
female is rather paler and has hardly a sensible sprinkling of black-tipped 
hairs on her back. She is rather smaller than the male, has her cheeks less 
tufted, her tail less bushy. She has connexion with the male once a year 
only, in the months of November and December, and produces her yo\ing, 
after (it is presumed — and, for the most part, determined by facts) the 
usual period of gestation, in January and February. Though she has as 
many as thirteen teats, it w'ould seem that she brings forth no more than 
from two to four whelps ; which are born blind, and covered Avith short 
soft fur of a deep browni colour without any tinge of red. The red hue, 
however, soon begins to develope itself, but docs not entirely obliterate 
the brown till after the milk teeth have been cast. In breeding only once 
a year, and in producing a small number of pups, the Wild Dog agrees 
with the Pdridr, or Chien de rue of India, and with the jackal: whence it 
is probable that the double brood and numerous offspring at a birth 
characterising our sporting flogs, arc sheer consequences of their being 
pampered and highly and regularly fed.* I shall conclude this account 
of the Budnsu with a separate notice of each of his principal members and 

* One of the fancied distinctions between Canis and Lupus, upon which Buffon founded his 
assertion of specific difference in the two races, was, that the Wolf breeds only once a year, the Dog 
twice. But so purely is the double brood of the domestic Dog the consequence of high and regular 
feeding that the hard-faring Pariar, reclaimed though he be, essentially, yet breeds but once a 
year. Facts like this ought to make one chary of creating specific differences founded on the ccco- 
nomy of procreation, where the objects of comparison are not in a purely wild state. 

Domestic Dogs in general have no more than ten teats— and in this point the Pariar agrees 
with them. On the other hand, the Budnsu has as many as thirteen teats, a fact which he who is 
inclined to separate the Budnsu from Canis will doubtless insist on ; see in the sequel, the remarks 
on the dentition of the Budnsu, But what do 1 mean by thirteen, that is by an odd number of teats ? 
1 mean simply that 1 have counted them ; and that, proceeding on the same principle of using 
my own eyes instead of the spectacles of books, 1 have found several birds with an odd number 
of feathers in the tail, independently of accidents. Yet 1 never found a hint of the kind in any work 
on Natural History ! 
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organs. But having already described with sufficient particularity the body 
and legs of’ the Tiudusu, I shall confine myself here to the feet, tail and head. 

The feet are large and somewhat spread, pentadactylous before, four- 
toed behind. The fifth toe before is short and elevated, as usual ; and at the 
back of the wrists is the ordinary callosity. The nails are strong and trun- 
cated by attrition ; and the soles of the feet are provided with the common 
number of balls or rests. These balls are made, as usual ; but every part 
of the inferior surfaces of the feet beyond the strict confines of the balls 
themselves, together with the interstices of the digits, is furnished with 
long, soft, loose, hair, projecting beyond the feet in every direction, and 
giving them an appearance of extreme size. I know no domesticated 
dog, but the Kabul greyhound wdiich is similarly provided: and as both 
live in mountainous countries where their feet are apt to be cut by sharp 
edged stones and rocks, the purpose of these socks or sandals (so to 
speak) is probably to protect the feet from such injuries; since pro- 
tection from cold can be no object in such temperate regions. The 
tail is of very moderate length, but extremely thick and bushy. The 
length is that of the jackal’s tail, extending only just below the heel 
properly so called — the fullness considerably greater than in the jackal, 
but otherwise similar. In action, the tail is carried sub-horizontally ; at 
rest, pendulously and always straight. 

The head, with its integuments, is moderately elongated, broad, flat 
crowned, and low ; the real breadth of the posterior part much increased 
in apparent size by the quantity and outward set of the hair on the 
cheeks : the face more seemingly than really sharpened — broad and short 
by comparison of that of the jackal — the eye, oblique and narrow, but less 
so decidedly than in the jackal ; its pupil round : the ears, twice as large 
as in the jackal, broad, erect, subpointed, the posterior margin furnished at 
its base with the ordinary fissure : externally, covered with soft short hair, 
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whicl) prevails likewise all round the edge of the ears wdthin ; rest of the 
internal surface, naked, but protected by long silky hair proceeding from 
the base and anterior margin, and extending nearly to the tips : cartila- 
ginous part of the nose, longish, somewhat acuminated ; the muzzle and 
nostrils, sharper and smaller than in most tame dogs^ — blunter and larger 
than in the jackal. If the face of liudnm't be characterised justly as 
elongated, with reference to all domestic dogs but greyhounds, this is 
to be attributed to the length of the cartilaginous — not of the bony — part 
of the nose. 

The shill/, or head withont its integuments, is such as, with reference 
to the whole of its characters, and especially that most important one the 
ample swell of the parictes, to point out this animal's place in the Second 
Section of Cumlr. 

It being admitted that the intelligence of dogs varies exactly as the 
size of the encephalon, the fact that this entirely savage race has the 
brain as finely developed as in the most sensible of our cultivated breeds, 
and much more so than in the majority of them, otters a curious subject for 
speculation ; the more especially as, so far as 1 liave seen and heard, the 
inference from the size of the cranium is justified by the sagacity of the 
animal. Are, then, all our pains bestowed or vainly or mischievously 
upon this favourite object of our care ? and is nature, after all, too much 
for art I 1 confess it seems to me probable that the stern necessities of 
the savage life may more effectually elicit the intelligence of the Dog 
than all our factitious devices. Man, with his peculiar gifts of speech and 
reason, is the true object of education: and it is very possible that, in 
respect to all other animals, the “ noble savage running wild in woods” 
has more sagacity, properly so called, than any tame individual of his 
species, however long and carefully nursed and trained. The nasal bones 
are shorter than in the spaniel — much shorter than in the jackal ; and 
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the posterior halves of them, instead of being bent concavely as they 
approach a considerably elevated forehead — as is the case in all domestic 
dogs, are bent convexly, uniting insensibly with the arcuation of a low 
forehead. There is eonseqiiently very little transverse dip or depression 
in the fore part of the head : and indeed the entire vertical line of the 
skull approaches, by its pretty uniform and gentle curvature to that of 
the hyama,- — ^a form of head of which the true type is to be sought in the 
fdintr: Frontal bones, lower and flatter than in any domestic dog — rather 
higher and more arched than in the jackal, much more so than in the fox. 
Frontal processes or brows, small, but rather larger and fuller than in the 
jackal or fox. Frontal sinuses, not inconsiderable notwithstanding the 
lowness of the frontal bones ; their want of development upwards and 
outward.s being compensated by a larger longitudinal range than is usual 
with domestic dogs. . The extent of anterior development of the frontal 
sinuses in the liiid-isu, and their connexion with the nasal cavities and wdth 
the brain, are, in particular, more striking than in any domestic dog’s skull 
I have had an opportunity to examine : and perhaps in these peculiari- 
ties, taken in connexion with the superior elongation of the cartilaginous 
portion of the nose, we may And the true explanation of the Wild Dog’s 
superior powers of smell, despite the inferior development upon the whole 
of his frontal sinuses, as compared with that of the same sinuses in the 
spaniel. Parielals, as largely developed as in the spaniel. There is 
somewhat less airqditude anteriorly, near the frontal sinuses : but it is 
compensated by greater enlargement po.steriorly and inferiorly. Great 
longitudiniil and transverse crista;, medial. Rami of the low'erjaw, very 
little bent; and the condyles, consequently, scarcely raised above the line 
of the upper cheek teeth. The upper maxillary bones less compressed, 
and the lower jaws more separated, and the intermaxillary bones more 
widened to the front than in the spaniel ; greatly more so than in the 
jackal. By reason of these peculiarities the incisor teeth stand nearly in 
a line as in the felince, instead of being bent into a segment of a circle, 
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and Third Sub-divisions ; and he has my full permission to place the 
Bumsti therein, provided he will pardon me for having relieved the toil of 
collecting and recording a multitude of facts by some little indulgence in 
the way of speculation upon them. 

Dimensions of the animal. 


Ft, In. 


^<ipe to rump, 2 5 k 

of the head, 0 HA 

Ditto of the tail (end of hair,) . . 1 4 A 

IJright, at the shoulder, 1 HA 

Ditto at the liip, 1 {)\ 

Depth of the (diest, 0 H^ 


Dimensions of tlie skull. 


Ft. hi. 


Length of fore-leg, to line of belly, 1 
Ditto of hind ditto ditto ditto, . . 1 8 

Longdi of the ears, 0 A j 

Snout to fore angle (»f eve,. ... U JJt 

Thence to the occiput, 0 0 

AV eight (thin) ^0 lbs. 


Ft. 

Extreme length, 0 

Extreme breadth (belMreen ^ 

zygomatic processes,) J 

Extreme height, 0 

Greatest breadth between 

temporal bones J 

Symphysis of intermaxillary n 
bones to posterior points of^O 

nasal ditto, ) 

Thence to the coronal suture, 0 

Thence to the posterior c^xtre- 
mify of the skull, or end of > 0 
crista occipitalis, 3 


In 

■ife, 
6 - 1 51 
2111 

6,V 


^>J 

(T 


f) 4 



Fl. 

In, 

Length of lower jaws from the 

) 


condyle to the syniph\.sis of 

C 


the jaws in front, . 

) 


The same from the former to the 



posterior edge of the last mo- 

u 


lar tooth, 

) 


Length of upper jaw, from sym- 

) 


ph\ftis of inlcrmaxillaiy bones 1 


QlO 

to posterior edge ol‘ last mo- ( 


lar tooth, 

) 


Symphysis of intennaxillaries to' 

lo 

1 1> 

foremost edge of orbits, ... 



Thence to end of crista occipitalis, 

0 

410 

(T 


N. B. These latter measurements (of the skull) are rectilinear, taken 
with calipers — and not drawn along the curves. 


Nepal Residency, July 1 , 1832 . 
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Can IS Aurkus Indk’I'S, scarcely diflers, a.s a variety, from the type of Pallas and 
Gulileiistadl : is two feet lung' arnl seventeen inches liigli : the head seven, the tail eleven and 
half, till' ears three inches in length: Above, dark or iron gray, with a pale rusty tinge — 
below, whitish : tip of the tail and a patch on the chin and on either fore arm, blackish: 
weight twenty pounds, Feeds chiefly on (arrion, preys by night, is fearless and familiar, 
found every where, seldom abroad by day, does not usually burrow. 


f ANMS VuLPES Indicxis, new : has some affinity with the Corset* .-is twenty-one inches 
long and twelve high : the head five, the tail twelve, and ears three and quarter inches in 
length : Above, pale or asln n gray, willi a very pale rusty tinge — below, yellowish ; a 
dark hne from tlie eyes to the nostrils; Tail reaching to the solo of the foot, black- 
tipped. Itemarkahle among it.s congeners for the acuteness of its canine teeth and of its 
nails. Feed.s eliiclly on insects and vermes, preys by day and by night, constantly abroad 
by day, very familiar, resides in burrows on open dry plains, found all over India, 
excepting the hills. Weight seven to eight pounds. 


N 3 



238 


OBSERVATIONS ON THE 


XV. 


OBSERVATIONS 

ON TIIK 

S P I T 1 VALLEY 


ANO 

CIRCUMJACENT COUNTRY WITHIN THE HIMALAYA. 

By SURGEON J. G. GERARD, 

BENOAL NATIVE I.NI'ANTIH’, 


PART I. 

It had long been supposed upon theoretical inferences and conclusions, 
deduced from accordant but vague information, that the chain of mountains 
which defines a natural boundary betcen India and Thibet, recognised as 
the llimdlaya, had a corresponding but less rugged declivity on the north, 
which sinking into a table land, undulated with a downward slope and 
spread out into a plain, and that the whole level of the soil immediately 
assumed an opposite declension to that of India on passing that lofty crest. 
But on crossing various ridges at elevations between fifteen and sixteen 
thousand feet in altitude, by the course of rivers which had their 
origin on the southern slope, the snowy zone was found to be of great 
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breadth, and, instead of an insulated line of peaks, to present consecutive 
ranges, or detached clusters of summits rising in rivalry, and even trans- 
cending the hither precipitous cliffs which appear from our plains in such 
gigantic desolate grandeur. The passes into the interior of the country 
were observed to run upon a higher line of level, and the streams to ramify 
many days journey within the snow-girt region, as the branches of the 
(iano'cs, Jumna and Chundb, or like the Sutlej, to pursue their course through 
the chain, deriving supplies from its northern skirt, and the high land 
at the back of the peaks, or penetrating more remotely, and receiving 
accessions from more inward regions and higher table land, as the Indus. 
In this vast alpine tract, no line has yet been discovered that marks an 
opposite slope to the rivers, nor have we any grounds of inference for the 
probable limit of that lofty level, of w hich the Ganges and Indus, with the 
Punjab streams, maybe considered asdetining the southern declivity, and 
the liraliiua/mlm and O.vus the eastern and w estern slope ; but nothing is 
known or conjectured of a northw'ard or north-eastern boundary, and we 
still remain ignorant of the extent, the altitude, and the nature of the great 
central platform of Asia.* Lake Mdnsarovara may be indeed assumed as the 
highest point of the Indian I’eninsula, forming a plane which throws off 
the great rivers from south-east to north-west, and the base of clusters of 
peaks insulated between their sources and the northern slope of the 
plateau, of which all our knowledge is still confined to conclusions 
from the upper course of the Satlej and Indus, where the basins of 
those rivers, and consequently the lowest depression of the soil, have 
been ascertained to rest upon the zone of fifteen thousand feet, and the 
table land, through which they roll, to rise beyond seventeen thousand. 
These arc but approximations to the altitude of the broken plains of 
Tarlary, whicli only serve to prolong conjecture as to the extreme verge of 
the highest lines of level. All the waters from the northward deflexure of 

^ Baron Humboldt's Researches were not known to the author, when this was written. 
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this mass of mountains, from the great Kylas chain and table land on both 
sides of it, running into the grand rivers, wliich form the I’euinsula of 
.India, or intersect the Gangetic plain, or tending towards an aspect 
comprehended between the debouchures of the lirahmopalra and Oxim. 
In crossing the remotest accessible points of the snowy barrier, or winding 
round the bases of its detached peaks, we find the declension of the soil 
every where, towards the hollows vt'hich drain off the southern waters, 
marked by innumerable rapid torrents throughout a reticulation of levels, 
which opening into a common trunk or lateral valley, pour their tribute 
into the great rivers. 

On the north-western frontier of Jhilish India, the Sallrj is the 
centre of this system of rivers, colleciing in its downward course i’roni 
MansaroDara, streams from the northern skirt of the IJimdfaija on one 
side, and the high table land on the other, which, rising in bluff undula- 
tions, terminates in a rival crest (Ay/us) which sends its waters to the 
Indus. At the deflexion of the Satlij at S/iijike, (Chinese Government), 
it receives similar feeders from the high ridge of Paraldssa on the north- 
west, and others from the north, to the limit which turns the declivity of 
the soil towards iMddk and the Indus, and on the south the liquified 
snow of lofty mountains which have their corresponding base washed 
by the streams of the Oaufres. In this area of intersections, the river 
Spill is the great trunk descending from clusters of peaks at the heads of 
the Chandrbdfra, or Chiinub. It meanders through an inhabited valley, 
and debouches into the SatfeJ, at the village of Namgea, in Kundiver, 
where the stream is elevated eight thousand six hundred feet. Like the 
other Inlra Ilimalaynn rivers, its slope decreases w'ith the rise of its 
course, opening out from a narrow rock-girt channel to an expanded bed 
of sand and alluvial sediment, and towards its source creeping sluggishly 
round the roots of the cliffs. At its conflux with the Satlej, it emerges 
from a gorge, or mere fissure, between perpendicular walls of granite rock. 
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At the villages of Clian!>i> and Shialknr, twenty miles up the stream 
the banks exhibit horizontal strata of tvater-worn pebbles, loam, marl, 
and linely attriled sand, with oeeasional imperfect traces of fossil cxuvim 
at heights from one to two thonsaml feet above the river’s bed, or eleven 
to twelve thousand above the sea. The cdiannel continues sharp, but is 
here little hampered by rocks. The mountains of a gravelly structure, 
rising out of the, dell on each side to the verge of twenty-two thousand 
feet, are almost bare in summer, the marginal snow resting close to 
their tops in a narrow but well defined belt. At the fortilied rock of 
IJdiiltar, the bottom of the valley attains its maximum expanse, which is 
here flat, sandy, and intersected by the stream : the mountains, forming a. 
steep rugged boundary on each side, are indented by water courses, 
whicli. descending abruptly from the snow, swell the river to nearly tlie 
size of the Sallrj. Villages and cultivation are thinly sprinkled along the 
banks. Ju summer, the climate is mild and even sultry, notwithstanding 
the great elevation of the soil, and dense crops of wheat, barley and pease 
ripen in August and September. The winters are proportionally rigorous, 
but the sun’s rays arc always extremely ardent, and when the ground is 
sheeted in snow the reflected glare is intolerable to the eyes. 

The forks of the river arc near the village of 'Lossur, the last inhabited 
spot in lire dell Avhere the stream has an actual elevation approaching 
to thirteen thousand four hundred feet, winding with a slow deidivity 
in a broad pebbly bed round the feet of the mountains, here presenting 
an almost mural .scarp to their near summits, which are flat or slightly 
inclined, but the ravine continues beyond Lossur, and receives the 
remotest feeders from the recesses of the Pnnildssa, which is here the 
limit of the plane, and gives a northward slope to the waters in the origin 
of the Chundh. The valley of Spilt is thus comprehended between 
the heads of that river in latitude about and the Sutlej in .31® \o'. 
The course is south east, flanked by snowy mountains on one side and the 
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declivity of a loftier chain sloping to the table land of Rttpshu on the 
other; < he more precise boundaries of tlic district being, the bill-rajship 
of Kitllii and the Himalaya south-west, the Satlej and the British Territory 
of liasdhir ( Kandirer) south-east. Snowy ridges and high tabular land 
to the Indus north and north-east, and the Parnidssa mountains with the 
branches of the Chandra lidga north-west, including an area of about 
ten thousand stpiarc miles drained by the Sjdii. rrom the southern 
base of the snowy zone to the valley of the river is a geographical 
distance of fifty miles, and an equal space in the same line of direction 
(north-east) falls over snowy mountains, belts of table land and ridges, 
which, though only cajiped with snow, do not yitdd in elevation. The 
great lines of level continue rising to the Indus, and the land, sloping up 
to the north by successive ranges, at last opens into a continuous plain 
inhabited by Nomado races, who live in black tents, and migrate with their 
docks in search of pasturage. These are the Huns and Honools, whose 
figured are described as very hideous. All hither to that limit, including 
the upper portion of the Snllej and its ramilications and even the valley of 
the Indus, considered by liuropean geographers as table land, is but the 
rugged skirt of this great plateau ; a tract of country unseen by the eye of 
civilized man, and almost inaccessible to the natives of any other region. 
The skies are here so arid that little snow falls even in winter and is only 
perennial in the loflie.st spots. The section of country made by the Spili 
and its tributaries, though cutting the northern base of the Himdlayu, pre- 
sents-a singular contrast to its opposite or plaimvard aspect, not only in 
climate and vegetation, but in the condition and character of its inhabi- 
tants, and in geological structure, the rocks themselves appearing new 
and all the productions of nature different. 

A traveller entering the valley by the sources of the Chuudb and 
Parnidssa chain on the north-west, and tracing down the river, particularly 
remarks the steep and insular form of the cliffs on each side. Where 
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tlie hollows of streams take their course, they appear like lofty islands 
with lljcir erect bases, planted in the sand, and their almost mural 
sides ending in a flat top on a plane sloping outwards. Near the head of 
the valley these tabular masses are sheeted in snow. In the descent of 
the river the marginal rocks terminate in a sharper crest, and sink with 
the level, but the snowy zone upon the north, though more remote, 
preserves a very lofty line, displaying erect peaks with slanting 
summits, like the crest of a wave that has gone by. The structure of the 
rocks is generally a j)ackcd or scabrous limestone, the stratification of 
which is arrayed in nearly horizontal belts, super-imposed upon each 
other in layers like benches, having their vertical faces to the river, and 
their dip inclined outwards at a very small angle with the horizon, which 
gives their declivity a very regular slope, that sometimes breaks off 
abruptly, but commonly softens into heaps of soil, like the undulations of 
the sea, producing furze jiasturage lor cattle: but the laces towards the 
river are too steep and rugged for any species of vegetable covering. The 
entire features of the country arc extremely arid, with no natural verdure 
or cultivation, except through the medium of irrigation. The valley is 
but thinly inhabited, owing to the absence of streams for agriculture; 
the villages arc conse<[ucntly far detached along jbe step of the river, 
at a varying level between eleven and fourteen thousand feet; yet 
cultivation which, upon the Indian exposure of the mountains, shrinks 
and ceases beyond nine thousand five hundred feet, here maintains 
its ground and a.ssumes even a denser character at belts of elevation, 
which often correspond to the marginal limit of the snow upon the 
southern aspect of the mountains, or the line of fifteen thousand feet. 
Tlu ;se cultivable spots occur along the course of adjunct feeders of the 
Sptli, or ill open hollows facing to the sun between the marginal rocks 
of the dell and the parent ridge which defines the levels on either 
side. These villages, though subjected to night frosts during more 
than three parts of the year, and the keen rigors of a protracted winter, 
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are more densely tenanted tlian those in tlie trunk of the river, where the 
patches of soil for cidtivation are dry, rocky and baked ; and the fields, 
eaten away by the stream on one side, and hampered by the attrited 
splinters of the clifls, (which are constantly accumulating,) must in time 
become extinct. This desolating influence, though slow, is irresistible, 
and all the villages will eventually disappear under it, and the whole 
shelf of the river be turned into a desert : the very cause Avhich has 
opened the country to the abode of mankind, will overwhelm it, and when 
the mountains, from gradual abrasion, no longer bear any snow, the river 
itself will be dried up. 

The tributary villages, or those not actually in the dell, are planted 
high above and behind the terminal rocks upon a waving slope in the midst 
of a black argillaceous soil, w hicb from its ojien situation, is permanent. 
The loftiest tenanted spots that have been barometrically determined, rest 
at fourteen thousand seven hundred leet, and crops of beardless barley 
extend to the verge of fifteen thousand. jMen, animals, and vcof-jablc 
productions succeed better here than in the valley below, all Ihiiving 
profusely in a zone that contracts and terminates every trace of plants in 
the Andes under the Th^uator ; nor is it at all inij)roba])[e that tlu; interior 
and flatter continuity of the country may nourish a cultivable soil in a 
much loftier region, where increasing aridity and solar reverberation tend 
to a higher limit of the Isothermal lines. At the extreme altitudes where 
grain ripens in Sp'iti, the summer temperature, though considerable, is of 
very short duration in an atmosphere where the heat dissipates so rapidly 
that the nights are keen even in July; hoar frost sometimes appearing 
near the fields upon the highland and vallies of Itupshu, where the 
want of water for irrigation baffles all attempts at agriculture. It freezes 
throughout the whole year, and so early as the middle of September, the 
morning temperature was found between 13“ and 17®, while in the day 
time it reached to oO®. Upon the declivity of the SpUi valley, in the 
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early part of October, at pcriuaiiently inhabited spots, the thermometer 
usually pointed betwcoii 14“ and 1(5°, once 1-2°, in a hollow surrounded 
by dead sand hills, and live thousand feet below the level of the eternal 
snow; thus giving a frightful presage of their winter, against which 
the people are, however, well provide*! through the Sun’s unintercepted 
rays and their eoinfortable houses, their clothing, and even their food ; but 
fuel is so sparingly procured, that during the day a lire is rarely to be 
seen, though always at conunaud amongst people who, enslaved to tobacco- 
smoking, arc individually accoutred M'ith flint and steel, and the furse so 
<lry and brittle as to ignite even when growing. 

Animals of every description derive a woolly covering from the 
clfccts ot' their arid «;limatc. Tlie ifAk, the dog, and even the horse, 
all partake of this provision of nature, but the human race in this 
respect is more defenceless than in other Asiatic countries, l*eing denied 
all beard, while their black bushy heads seem to be insensible to the 
Thcnnal changes. Tlie Lumds or Priesthood are, by their creed, always 
uncovered, and tlieir black hair being thick set and closely cropped, 
give them a frightful appearance, like Ikinditti. ’riiere is a characteristic 
aspect here in every thing, which betrays a foreign influence. Prom 
tlie soil to the skies the w’holc is new to the eye and strange to the 
feelings. In animal life, this is peculiarly <lisplaycd in the shawl gout, 
the i/ok, and a species of sheej) ; and to tlie dryness of the climate more 
than to its rigors is owing the singular physiognomy of the landscape. 
The'silky softness of the goat’s fleece, and even its existence, depends upon 
the arid air and vegetation ; all attempts to naturalize it even in adja- 
cent tracts, however cold, have failed, and must continue to fail even upon 
a more precise principle than that which regulates the migration of plants, 
for it is not heat but moisture that is here inimical, and both are combined 
immediately on passing the snowy crest towards India. In their own 
country, their only pasturage is tufts of spiked gramina, so brown as to 
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be scarce distinguishable from the surface of the excoriated rocks — for 
when removed from under their native skies to liowever elevated a region, 
they cease to live. Solitary individuals out of large Hocks have, indeed, 
by great care survived a certain period upon the hither side of the 
Himalaya, and have even reached the plains of India;— but in no country 
apart from their own bleak elevated pastures, can the species be preserved. 
It is the same vvltli the yaks and the sheep whicli have black heads and feel ; 
they may be acclimated upon the very border of their native soil, as in Sytli 
or Kundu'cr, but the wool degenerates, and the animals themselves out- 
grow their status and proportions. On transplanting them to the southern 
hills where vegetation is rank and verdant, they find no nourishment, droop 
and die ; those which survive exchanging their soft fur for one of coarse hair. 
Even in neighbouring districts, beyond the influence of the periodical 
rains, and in a very cold climate, though the animals seem to thrive, the 

fleece of the goat deteriorates, and upon the, hither side of the JJimd/ciya 

♦ 

becomes extinct. The deserts of Thibet are their natural soil, where 
they feed upon a prickly stubble or heathy like grass, scarce visible to 
the eye, yet myriads of these beautiful animals chccqucr the almost bar- 
ren slopes of the mountains to which they seem destined, a)nl it is futile 
to pursue the experiment of acclimating them to European countries, 
which will be found a mere illusory advantage, for even if they survive, it 
IS certain that the third or fourth generation will lose their identity, and 
the line wool entirely disappear."^ The sheep of the table land have 
an equal peculiarity of habit, and are even more diflicult to naturalize. 


♦ Captain Turner, who visited Thibet in Warren Hastings* Government, brought clown 
several Yaks and Shawl Goats, wliicli were transported to Europe in safety, and a Yak actually lived 
in Mr. Hastings* park for several years. Mr. Moorcroft was equally fortunate in the Goats he car- 
ried away from the Table land near Mansarovara^ which also reached England. Those subsequently 
imported into France liave indeed survived under the advantages of a route by the Caspian sea, 
tln ough an arid country, and the care of a Physician who expressly attended them, but though the 
animals are considered to be thriving, it remains to be seen whether the fleece will preserve its 
natural soltness. 
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They are remarkable for size, and the quality of their wool and flesh, 
and a long and very small black head, with legs and feet of the same 
colour. These immense animals are used for the transport of grain, 
salt, tincal, &c. kc. They ])asture upon the leafless plains of Chumurti, 
and the high table land, all along the forks of the Indus, being 
indigenous to the whole of Thibet from the limit of Yarkand to the 
cast of Lliassn. They come down in vast flocks to Sp'iti in the autumn 
for grain, but thougb here in a tract of country arid and desolate to the 
last degree, they cannot be reared with any advantage. In the deserts 
occupied by the Noniadc tribes, both the animal and its fleece reach a 
finer standard, and there the climate is drier, and vegetable productions 
more scanty. llorsc.s alone undergo the transition from their elevated 
pastures, but they lose the v oolly covering that invests the roots of their 
long hair: the wild animal has never been domesticated in any situation. 
Both woidd aj)pear a priori to have a common origin, yet the circumstance 
of their eluding every attempt to tame them when caught, and their uniform 
speckled colour of fawn and white, and their wild agility, demonstrate 
them to be distinct species. 

The inhabitants of Spiti afford even ampler traits of distinction than 
the animals ; a community of condition arising from individual penury has 
generated reciprocal ties of social attachment. Though poor in those 
resources which denote easy existence, there is nevertheless a degree of 
comfort in the necessaries of life amongst the lowest classes unknown to the 
natives of the southward hills, where indolence and insulated habits have 
alienated those feelings of concord which make even poverty agreeable. 

The common repast of the Thibetans consists of a greasy soup, called 
Lappi, and buttered tea : animal food is also naturally abundant in 
a region where pasturing flocks are almost in a state of nature, and in 
every house may be seen the dried carcasses of sheep and yfiks, and skins 
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of fat and butter. They arc much addicted to tobacco and fermented 
liquor, and upon the whole the comforts of life arc in their kind ucillicr 
s})ariiiu; nor unsubstantial. Their manners partake of the grossness of 
iheir food ; no feeling of female delicacy prevails here, and a promiscuous 
familiarity and coarseness in all the habits and dcconim of life reign 
everywhere. Their wearing apparel accords with the exigencies of the 
climate and the suddenness of the thermal changes. From the shec'p-skin 
tunic to the chintzes and line silks of JJinssa, which last are the insignia 
of the higher classes, or from the Faztr of the State to the JNomade of 
the desert, there is little in education or manners to denote distinction. 
Authority here, as elsewhere, claims a certain respect ; but the only 
courtly deference T ol)served in my interview with the Kluirfjnn of Laddie 
(and this seemed to be due to me rather than from me) was during dinner, 
wliich wo eat together in the midst of his greasy attendants, who devoured 
the fragments with voracious appetite, licking their lingers and then their 
plates, which w'^ere afterwards lodged within the folds of their woollen 
garments, or between them and the skin. 

Strangers, especially I'luropcans, arriving amongst them and passing 
rapidly on their way, see nothing in the country or inhabitants to raise a 
favorable impression in their mind. They observe them in black bare- 
headed groupcs, timid, .squalid, and in rags, and every third person a 
priest; but, however unintelligible their conduct when debating in an 
unknown dialect about supplies, or the propriety of our progress, (both 
of which are doubtful in such a territory,) in their houses we were treated 
with friendship and hospitality, unaccompanied by that savage feeling 
which protects a traveller as a guest, and betrays him beyond the threshold 
of his sanctuary. 

The complexion of the people is darker than might be assumed from 
the influence of so cold a climate, but the solar beams arc equally or more 
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ardent in an atmosphere, which, by its want of humidity, excoriates to 
brittleness every trace of vegetation, and parches to a ruddy and scabrous 
coarseness the skin of the face, especially in the females. The people of 
both sexes arc naturally indifferent to shame, and alienation of chastity 
in the females is here a juercenary interest purchaseable upon the lowest 
terms. In figure they are stout, waddling and dumpy; in address, 
presuming and indecorous, but much of their open familiarity is the 
offspring of immoderate curiosity. In face they arc not beautiful, even 
when young; when past their climacteric, very unseemly; and when 
old, a picture of horrid ugliness ; not i*t*gardless of the aid of artificial 
charms, their hair glistening with rancid oil hangs loosely round their 
sun-burnt necks : sometimes it is woven ii'ito tresses which braid the 
contour of the face, but is commonly unregarded and blows out in the 
wind, giving them a shaggy appearance like wild boasts : their black 
greasy heads are embellished with lapis lazuli; their sun-burnt necks 
with amber and coral, their wrists and ancles with snow white shells, 
and a girdle of beads and other trinkets, all shining in the sun's rays. 
The men, M’ithout any superior pretensions, have their peculiarities less 
out of place, but they arc black, greasy and imbecile, without any noble 
qualities ivhatever. Poverty and their insulated situation have denied 
them all pride of distinction, and subdued their feelings to one uniform 
level. Such is their general character, and it will apply to the whole 
nation of Tliibelau Tartars. The absence of female chastity is a singular 
commentary to their honest and pacific conduct and the other social 
qualities of their natural society. 

The country is every where broken into steep arid peaks, uniform 
sterility covering alike the mountains and the vallies. There are none of 
those line contrasts of scenery which we behold in the southward regions 
of the Himalaya, Mherc all the beauties and all the horrors of Nature are 
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united together in a single precipice. Cultivation is here solely indebted 
for its existence to irrigation, and this nutritious impulse in so dry a 
climate is far more powerful than the spontaneous efforts of thd soil, in 
quarters where the eft'cct of atmospheric heat and humidity is combined. 
To the climate, vegetation (such as it is) owes nothing, but rather succeeds 
in spite of it. The few traces which are sprinkled over the dead sides 
of the cliffs shoot out of the rock as if impelled by their own vitality, 
but in the loftier zones, where the soil is better and the solar warmth 
mitigated, there occur upon the slope of the strata extensive tracts of a 
thick set prickly bush, which in appearance resembles the surface of a 
Highland heath. 


The villages in the valley itself are planted upon an alluvial slip on 
each side of the river at long distances, and are indicated in summer by 
their verdant environs, and in winter by their black appearance in the waste 
of surrounding snow. The crops of this region are dense, but have little 
variety. The staple grain is Ooa Jdo, or beardless barley, peas, turnips, 
and in a few spots P/iapra and mustard, the seed of M hich last is expressed 
for oil. The fields are sown in April and May, the seasons varying with 
the level, and in the elevated belts by the hollows of tributary streams ; 
where the winter is protracted, the soil is cleared of snow by sprinkling 
black earth over it. 

Notwithstanding the almost perennial night frosts at those extreme 
limits, and the severity of the climate during the sun’s southern declination, 
the crops are even denser here than in the dell below. 

As the cultivation of farinaceous grains chiefly depends upon a cer- 
tain degree and duration of heat (which, in these regions, is found quite 
sufficient in July and August, without relation to the rigors of the previ- 
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ous or subsequent months), it was an oversight which this physical fact 
led to in the inference that the Ooa Jdo, or Tartaric barley, might be 
acclimated to the mountains of Northern Europe. The excessive cold that 
reigns at the highest cultivable levels of the Intra Jlimalayan regions 
during the greater part of the year, in no way cramps the progress of 
vegetation, since this is eflected by the necessary quantity of heat during 
the appropriate season, and which, though perhaps never so considerable 
as in Southern Europe is more constant : and the solar rays of this 
parallel of latitude, in so thin and transparent an atmosphere, are infinitely 
more powerful ; to such an extent, that the difierence between their direct 
ardor and the shade is often more than one hundred degrees, and the 
contiguous slopes of the same ridge, within' the space of a few hundred 
yards, present torrents of li(][uid snow and streams of unthawed ice.^ 
These facts, and their elfects upon the constitution of men, animals, 
and vegetation, are not properly understood in Europe, or if known, 
are explained upon theoretical assumptions which have no grounds of 
existence in nature. 

The feebleness of the sun's rays in any part of Europe must render the 
mountain acclivities, of even moderate elevations, inimical to the success of 
the Tartaric grains, though the degree of cold there never approximates 
to that which reigns in the high zones of Spilt. Of this we have analogies 


* It will scarcely be credited that in the beginning of September, upon the Northern slope of 
the Paralassa, at an elevation of fifteen thousand five hundred feet, a thermometer resting upon the 
rocks marked 168®, while the temperature of tlie air was 55°; — again in the middle of October 
when the Sun's Southern declination is already great, at the Chinese village of Langtcha, elevated 
more than fourteen thousand five hundred feet, the sun's rays absorbed by the sand had a tempera- 
ture of 130°, while the air was 46°. In the end of the same month, in a valley flanked by lofty 
rocks, but at an elevation of twelve thousand feet, a thermometer stood in my pocket at 105®. 
Wherever we go we find the sun’s rays oppressive, and much of our surprise at the high zones of 
inhabitants, and cultivation, ceases when we become acquainted with these circumstances. 



‘2o2 


OBSERVATIONS ON THE 


on the Southern or Indian slope of the llimdlaya, M'here, in a distance 
of only a few miles, and frequently within a few hours’ journey on the 
corresponding: aspects of the same ridge, we find cultivation checked, 
and altogether extinct on the verge of ten thousand feet, owing to the 
insufliciency of the summer heat at this limit, notwithstanding that the 
winter season here, in respect to mere cold, is far less severe, and the 
mean value of the climate much superior to that of the Inlni llimdlayan 
regions M'here grain is exuberantly cultivated. The climate of Sjiili, not- 
withstanding the great elevation of the soil, unites the extremes of sultry 
heat and excessive cold ; while the sun's rays are always intolerable, and 
in winter, strike with an ardor proportionate to the keen rigidity of the 
ambient air. At this pcrioil, when the country is sheeted with snow, 
exposure scorches the face and inflames the eyes even to the loss of sight, 
the glittering expanse is here made more brilliant by the reflection of 
skies of the deepest azure, even as black as ebony. On the lirst day of 
November, after a fall of snow, and in a temperature of 'I'f, 1 was fatigued 
by the sun’s rays striking through a thick coat, and while feet and 
legs Avere undergoing a constant transition of thawing and freezing, to 
me at least the solar heat felt the most distressing, till the road deflecting 
round a blutf angle on the margin of the river brought us into the shade, 
where a bitter cold struck us to the bones, congealing the moisture of 
respiration, and the clothes on our backs and our legs, Avhich in the ford 
of a torrent, came out at each step stifl’ Avith ice. From this time the 
mercury daily pointed near the zero of the scale, once two degrees below 
it, and probably did not rise, and must haA'c. fallen many degrees in the 
subsequent four months. What the cold arrives at, Avhen the sun reaches 
his southernmost declination, is a conjecture that may be safely hazarded 
at — 20° or — 25° for the inhabited spots in the valley, and at the villages on 
either side of the limit of nearly fifteen thousand feet, it can be little 
above the freezing point of mercury. 
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The winters are followed by a degree of warmth equal to the 
summers of the south of England, and a far more powerful sun, but with 
a more variable diurnal temperature. Upon the elevated table land of 
liupshu, or at the tenanted environs of whatever be the degree of 

midday heat, it flies off so rapidly in the thin air, when the sun ceases to 
shine, that the nights of those regions offer an extreme contrast in their 
chilliness, the range of temperature in the twenty-four hours often 
exceeding -lO". In insulated elevations this would not amount to 15°. 
Towards the end of August, the climate of the middle regions of Spiti had 
a day temperature of 03"; and clouds of dust wheeling along the river 
bed, and sometimes a weak and transitory peal of thunder gave the 

I 

.scene a more ti’opical complexion than would readily be conceived 
possible at an elevation between twelve and thirteen thousand feet 
above the sea, and in a parallel of 32,)“ of latitude. At Dan/cu7-, which 
verges upon this last level, my snuall tent was but a feeble screen against 
the solar rays, the thermometer on the table rising to 110°; but in so 
rarified and elastic a medium this accumulation of heat is very fluc- 
tuating, for, when it rains, the air at midsummer is chilled down to a 
degree very uncomfortable to the feelings, and the cliffs in the immediate 
vicinage of the villages are often sprinkled with fresh snow. In the 
vallies of TtupsUu, at a mean elevation of sixteen thousand feet, where the 
maximum temperature may be estimated at 75°, it snows occasionally in 
July, and freezes always at night*; yet such and even loftier situations 


* MooRcnoi'T, in traversing this tract at midsummer, encountered a fall of snow, which however 
vanished during the sun's course. M. Csoma de Koros, the Hungarian traveller, had a more 
frightful picture of the rigor of the climate in an adjacent tract Zanskar^ where, on the day of the 
summer solstice, the ground was sheeted with a fresh fall of snow, and in the beginning of September 
the same scene was renewed while the crops were still uncut. Moohcroft when encamped on the 
shore of Lake Mansarovara, had his tents covered several inches deep with snow on the 10th of 
August, with frosty nights in July, when approaching the forks of the Indus : — facts of themselves 
(in so low a parallel of latitude,) demonstrating vast height, and in connexion with analogous 
observations upon the Isothermal lines in liiipshu (if \vc had not Barometrical levels of the Sad^ at 
Sliiphi and BekhaVy and Captain Webb’s depression of the river from Niti pass) aifording presumptive 
inferences for placing that lake upon the very verge of seventeen thousand feet. 
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are the pasturing regions of innumerable flocks, where it is difficult for 
the eye to detect any nutritious vestige.* The marginal limit of the 
snow, which upon the sides of Chimborazo occurs at fifteen thousand seven 
hundred feet, is scarcely permanent in Thibet at nineteen thousand, and 
upon the southward aspect has no well defined boundary at twenty-one 
thousand feet. From an altitude approaching to that line, and which was 
bare of snow, I was in view of a distautchain, the detac.hed peaks of which 
appeared under an elevation of some minutes; yet a few traces of snow, 
like ribbands, only remained on the last day of August, My own position 
was here at the edge of the snow, from which to the bed of the SpUi, at a 
perpendicular de]>th of ten thousand feet, Avas a continuous bare slope. 
The opposite (northern) declivity was indeed sheeted in snow to the bottom 
of a deep dell, and all beyond me was uniformly w'hitc. f If the objects 


* A late traveller, M. Templand, has discovered in the Peruvian Andes similar scenes to those 
in Thibet^ the level of towns and cultivation having there an altitude of between twelve and Iburtcon 
thousand feet, and the highest inhabited villages and Helds rising to nearly sixteen thousand. The 
crest of the mountains is proportionally elevated, two peaks having been determined at tv\enty-four 
thousand and twenty-live thousand live hundred feet respectively ; the JlimaUiya are still superior 
in actual height, and greatly surpass the Andes in the medium of a large tract of lofty level, and the 
inteiior regions, which alreadv begin to present a more gigantic display, are wholly uiw'xplorcd. 

t This spot is upon the northern verge of Kunawi^i\ conterminous w ith the Chinese frontier, 
and immediately above the Hamlet of Changrezing, The extreme ascent was elFected upon the 
31st of August, the preceding night having been passed at an elevation of eighteen thousand feet : 
even here we found ourselves so much exhausted by the rarefaction of the air that every 
movement was an exertion. Though the wind had a temperature of 42°, the sinfs rays were so 
harassing as to force us to screen our faces, and for my own part literally to envelope myself in a 
blanket. — Somnolency, languor and sickness affected us so much that wc lay all day in liollows 
amongst the rocks, without tliinking of our situation or the chilliness of night. We slept in the open 
air under a calm resplendent sky and a temperature of 19°, that of the ground wc lay upon being 
14°, yet we did not suffer great inconvenience except when the puffs of cold wind crept in upon us, 
and congealed the moisture of respiration. The ascent from this spot (short as it was) occupied us 
upwards of three hours, and latterly our progress was beset by debility and such a sense of 
suffocation from the partial inflation of the lungs Jis almost overpowered our utmost efforts to 
move. I do not think wc could have ascended much higher at that time, had it been 
practicable. At 1 p. m., the Barometer stood at 14,220 inches in a temperature of 30°, 
which computed from cotemporary observations at Calcutta, indicates an altitude exceeding 
twenty thousand and four hundred feet, a result which may be depended upon as being 
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1 beheld from this lofty station were fifty miles distant (and the eye 
traversed a large tract of intervening country,) the difference between the 
apparent and true level would of itself amount to fifteen hundred feet, 

lartlier verified by the observation of several contiguous peaks, whose height liacl been fixed 
trigonometrically fioni various lofty positions by my brother, (Japtain Alexandcr Gekard. 
One point, in particular, which thinks a pass communicating between Kundiccr and SpitU and 
elevated twenty thousand and five hundred feet, had the smallest appreciable depression, and 
the convexity of the level at the distance of rny station, absorbed the trifling excess of height in tlie 
peak. On my north was a <letached group of while tops concluded, Irom the angles they subtended, 
to be twenty-four thousand feet above the sea ; the marginal snow occupying a very narrow belt, 
but the surface unbroken by a single dark peak. Beyond them appeared the chain of hare peaks 
in a veiy shuip outline. I took the angles of various points. Some were upon the plane of my own 
hut generally all were a few minutes higher, and as the view was intercepted by an adjiiining 
lidge, I could not ascertain the limits of tlu ir height or extent. Their sides were very precipitous, and 
IVom their reddisli and often pale appearance, I concluded their structure to be gravelly or of 
sandstone, of whicli their conliguration gave every sign. Their steep and conical crests seemed to 
have assumed that form by llie wearing away of the surface : some were entirely naked, and where the 
snow rested, it was in patches or stripes in the course of hollows. The ground at their base w as very 
rugged, and had an apparent elevation of eighteen thousand t’eet, the rock displayed itself below like 
gianile, overtopped by the red formation ; whatever it was, I am the more inclined to this belief from 
the occurrence of' vast blocks of granite in a gorge whicli crossed niy ascent, having been disclosed 
by torreiils fioin the snow; while, at my nearest appulse to the summil, tlic rock w^as not connected, 
and seemed to run into a secondary series. The extreme tops at an estimated altitude of between 
fifteen Imndicd and two thousand feet higher were perfectly white, and had a bluff contour as if 
derived from the elements of their structure. The highest point of the bare ridge appeared at the 
verge of interception by the slope of an adjacent mass of mountain which was cut off from niy posi- 
tion by a deep dell, but I have no doubt that loftier objects were to be seen, those in view' being 
sufficiently indicated to authorize the inference, and being accessible points- as far as physical 
obstacles are concerned, they hold out to adventure a prospect full of inteicst wuth relation to the 
structuie of such elevated masses, and the observation of the unknown regions beyond them which 
have not even a mark in our maps. The sun's rays were very distressing here, but they seemed to 
be showered down with triple ardor upon the chain of conical peaks till they glowed in the effect of 
tlieir desolation like a towering outline of volcanoes, to wliicli impression their form and aspect 
bestowed an image of reality. Some very distant snowy peaks glittered in the horizon towards Rupshuy 
but the great chain which lay to my north in passing over that tract was not visible, and as it runs 
behind the bare ridge and is sheeted with eternal snow, its summits must be vastly elevated. Part of 
the same chain was, however, descried from Parkeuly rising out of the tabic land :n a line of white- 
ness, my own level being here nineteen thousand and five hundred feet, and the intervening country 
between me and the objects a little under it all black a still more eastern portion seen from near 
Ihkhary bad an appreciable angle of altitude from a base of eighteen thousand two hundred feet, and 
at a vast distance. 
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but some of the points subtended an angle approaching to half a degree, 
thus argxiing an absolute height exceeding twenty-two thousand feet 
free of snow. The outline was very steep and sharp, and the peaks of 
a reddish colour, from a gravelly or sandstone structure, had a most deso- 
late appearance. I'lie contiguous level, though very lofty, was still rugged, 
and where the surface of the country is more even, we may conclude a 
greater altitude for the seat of perennial snow; and it would seem from 
the oral accounts of the Lamas, that the inward and still distant ranges 
confining upon the Tartaric plateaux, exhibit no snow that rests through- 
out the year, not owing to any depression of the soil, but to the constant 
shining out of the sun; and it is no vague conjecture to entertain that 
tracts of land will one day be discovered, where the abodc.s of mankind 
and cultivation surpass in height the summits of the Andes, having 
the winters of llie Polar regions, without their snow, succeeded by the 
summers of England. 

The peculiar aridity of the Intra IJimalmjan regions is a subject 
connected with so many meteorological phenomena, and with so much 
of the conveniences of life, that it seems to open a new field to the philoso- 
pher. Things do not rot in Thihel, but crumble in long ages. There 
are neither moisture nor insects to produce decomposition, livery thing 
desiccates, and, as it were, stands fixed : the process of decay is slow, and 
superficial things gradually disappear in dust. Where there are no forest 
trees, timber is of great value, but here it lasts for centuries, and the 
roofs of the houses constructed of an argillaceous earth are actually 
baked by the sun's rays, till they harden like the Icnnlcar of the plains. 
Where little rain or snow falls, there are few natural agents of destruc- 
tion, and we see neglected Monasteries yielding slowly to time, each 
winter eating away portions of the walls, while the timbers remain 
unchanged. Ruins in Thibet are the records of far antiquity ; books are 
imperishable, for no insects attack them, and there is every probability 



SPlTi VALLEY, &c. 


■257 


that literary memorials of the earliest periods may be extant in a climate 
and position alike favorable to their preservation. If any Antediluvian 
relics of the human skeleton are to be found at all, they are likely to be 
discovered in some jiart of this elevated platform. 

The liygromelrical state of the air produces more important physical 
ctTects than either heat or cold, for it gives a new aspect to a country; 
and, in this respect. Spilt may be taken as an index of the physical 
constitution of the vast regions lying beyond tlie Tlimdluya, and its 
consideration will assist to explain some of those anomalies which have 
opened upon us in that hitherto unexplored quarter. 

The traveller in Thihel is struck witli the diflerence in the aspect of 
opposite sides of a ridge having in many places not more than twenty 
miles in breadth. The masses of ice resting in hollows of the bare rock 
near which no snow is visible, where the sun's rays are scorching, and the 
temperature of the air is very mild, for though elsewhere it would thaw in 
a temperature above .'fi® it remains permanent here at nearly 50°. 1 have 

seen torrents frozen solid in the beginning of September, where the ambient 
air of the spot kept the thermometer at 57°, and the ice did not appear to 
drop. In the southern hills, in the dry and clear months of November 
and December, it is usual to see water freezing in a temperature of 40°, 
at an elevation of four or five thousand feet above the sea, or under a 
barometric pressure of twenty -five to twenty-six inches, -but by increasing 
the density of the air by descending to a lower level it requires a much 
greater degree of cold to produce the same effect, and under circumstances 
of excessive moisture, a thermometer will fall below the freezing point 
and no frost take place. Cotemporaneous observations made between 
various parts of the hills and stations on the neighbouring plain in the 
latitude of 31°, have verified a fact which theory has scarcely indicated, and 
scientific inductions (as far as 1 am acquainted,) are almost silent upon. 

s 3 
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The diircrent effects produced l>y various degrees of rarefaction of the 
atnios])liere and its relations to moisture arc such as make the thermometer 
cease to be a correct measure of temperature, for it is not the actual, but the 
sensible quality of it that is so important to philosophical studies. The 
superincumbent atmosphere upon the surface of the (Junirelic plains in the 
months of November and February, Avhen the thermometer fretpiently falls 
below the freezing point without ice being formed, is an instance of cold 
without its due effects, while in the mountains at a height of seven thousand 
feet, as at Simla, a much higher temperature will freeze the soil a foot deep. 
The sensibility of our feelings to those atmospheric iulluences is but too 
delicate. Let one contrast the damp morning dull of the plains with the 
frigid elasticity, and even stimulating effect of the mountain air which, 
perhaps ten degrees higher, gives the aspect of an European winter. In 
one case the air being loaded with moisture, and absorption farther checked 
by its density, a film of ice is only produced by a temperature of 20° or 00°. 
In the other, the air is so dry and subtle that it free/xs by the effect of 
evaporation more than by mere cold. In the Intra JJi»ialai/nn 
this power is so much augmented by aridity that ice often disajijioars 
unthawed while snow has been seen to fall when the temperature poinli'd 
to 47°. In the soutliward hills the air must be cooled down to 07* before 
this takes place. 

Every person in Lulia is familiar with the peculiarly mouldering 
nature of the rainy season, though the heat is perhaps tempered fifteen or 
twenty degrees. It is the moisture which is here the clement of struc- 
tural decay and of oppression to our feelings. In Sj/ili, yaks are killed 
in the end of September, and hung up to dry when the mid-day air is at 
G()° or 08°. It is the absence of moisture here, that produces the opposite 
state, which is so sharply defined, that all the productions of nature, both 
animal and vegetable, would appear to be an effect of it rather than to owe 
their peculiar form to distant species. To this accelerated vaporization 
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is owing the fiuctunUon in level of the lakes in ^rartaiy, in defianco 
of increasing cold. Tljc lake of Mdumromra celebrated in Hindu my- 
thology for giving elllux to several rivers in opposite directions, (a me- 
taphorical tignre to indicate the point of their divergence) was not admitted, 
upon Mookcrokt's assertion, to be land-locked, from ideas of the feeble- 
ness of evaporation at that groat height then unknown and unsuspected ;/* 
and though the lake does appear to have an outlet in the iSalltj, 
this does not alter the question i»i regard to basins (inferior it is 
true to Mdnsarocaru, but under similar circumstances) having been 
found wholly inclosed; and Mooiu roct was right as to the fact, though 
his review'crs could not reconcile it with their preconceived opinions. 
Clianumnil. (which is probably fifty miles in circuit) has no passage 
outward, though it is fed by streams which Jiave a broad channel, 
and run with great vdinne in their season, t Evaporation by an atmo.s- 
phere M'hich frosn its extreme rarity and dryness, greedily drinks up 
moisture, is licrc ainj)ly sullicicut to graduate tlie marginal limit of those 
lofty re.servoirs to the extent of four or five feet, which was the maximum 

^ TliE tabic land ol’ Thibet was ehtimated by European theorists, at eight thousand toet 
above the sea, though Captain 'rrTii\r:a had hhewn the unprecedented rij^ors of the climate even in 
^()lo\v a latitude, and Mooucuoel’s Narrative had given us a sullicienlly i’rightful idea of midsummer 
in that coiuilry. 

f This lake occurs in jRi'tpshu at an elevation of fiiteen thousand feet. It is a long sheet of 
blue water with a varxing breailtli, IMy route took me by its margin fora whole day’s journey, and 
] cncampeil at its eastern extremity wliere the shore was of turf. No water mark appeared above 
five feet, and as I was here in the end of September, that may be considered as the limit of fluctuation, 
a circumstance which was assumed by theorists in regard to Mdnsarovara as proving the reverse of 
what Mr. Moorchoft assei teil, or that there must be a drain from the waters of the lake. Chumoreril 
has likovvisc no cfHux, though several streams pour the liquified snow of the neighbouring mountains 
into its basin. Evaporation in this dry air i.s fully sufficient to preserve the balance, and it is more 
surprising tliat any water should remain at all, than that no outward communication should exist. 
The norlhcrn margin of the lake is hemmed in by a mass of mountain which shoots up in a nearly 
mural preci[)ico of hare rock to a heiglit of twenty thousand feet and upwards. The snow rested 
close to the summit, hut in vast bodies, having a cliff of several hundred feet, and hut lor its dazzling 
whiteness might have been confounded with the rock itself. It had ceased to melt. In winter the 
lake freezes, and remains fixed for several months, the snow then accumulates upon the ice and 
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lluctnation that Moorcroft observed, and I myself have found to prevail. 
The hot winds are even there far less parchinc; thaii the air of the interior 
llimulaya in autumn,- -wood, books and shoos warping under it. At 
AViz/j/iO, upon the verge of the table land, this dryness was quite withering, 
and every thing flexible was converted into a coriacious hardness, and we 
felt a sensation of intense cold when tl«e therinomcler pointed between 
40° and r)0°, and, under the influence of a strong wind, the elVect of a 
temperature but a few degrees lower was quite benumbing. Tn the Tiritish 
territory of Ku7idwer, laying beyond the Iliindhya, all the fruits are dried 
upon the tops of the houses at the season of the periodical rains in India. 
Even turnips are preserved in this way. To this state of the cliniatc 
is owing the superiority and preservation of all the northern fruits of 
Kashmir, KdbuL and Kandahar. A circumstance still more surprising- 
in this atmospheric vicissitude upon the immediate verge of an Indian sky, 
came under my own observation. '^I'he fresh roots of the Jiheum pahnatmn 
which 1 dug up from amongst patches of snow at the solstice in the 
llimdlaija ridge, were so brittle in August as to be easily reduced to 
powder, and moist opium received in Kutidwcr in the middle of July, was 
pulverised to an impalpable fineness in the subsequent month, — thus at 
the most humid period of the year was effected a process that in India is 


with the return of spring the gelid expanse breaks up with a noise like thunder, and thaws away, 
and torrents from the surrounding high land contribute their accossioibs and rise the surface to its 
maximum limit. Evaporation now exerts the combined influence of an ardent sunshine and a dry 
attenuated atmosphere, and by the end of August the lake lias sunk to its greatest depression. 
Mdnsarovam is precisely similar, but upon a much larger scale in respect to the volume of its waters, 
its elevation and magnitude of the scenes around it. The water is well tasted, which would seem to 
argue some outlet, which the oral accounts of the fjdmds would confirm to be that of the Sathj ; — as 
to the t'grcss of any other river in such a situation, — it is a supposition bordering so closely upon h 
physical impossibility that it need not be entertained. The waters of Lake Chamorerll {as might be 
expected from their having no drain) arc unfit to drink, though barely dilftTing in taste from that of 
running streams. Another lake, two days journey west oK ChmnorerXl^ at an elevation of fifteen thou- 
sand live hundred feet, was found very hitter and brackish, and I was surprised to see wells 
of the finest water, in the very midst of the salt marshes : innumerable wild fowl covered the entire 
surface. 
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scarcely attainable by any lenj^th of time, while in Calcutta opium cannot 
be dried for medical purposes without artiiicial heat. In Ciirope the 
rhubarb roots, at the end of a year, generally retpiire to be baked in an 
oven before they can be pulveriy.cd. 

Hygroinetrioal considerations seem to have been entirely neglected 
by travellers in India. 1 was fortunate cnoue:h in being put in possession 
ot Kati'-ks liygroineter, in the tour [ made to the sonrecs of the 
Hup/iasift and ClnuM, and across the high land of lltipshu into Spilt, 
whi< h ailbrded me an opportunity of comparing the state of the air on 
both ."ides of (he Himalaya, and (be degree of humidity that belonged to 
dideient elevations and situations; the general conclusions from which 
wore, that the atuios[)here of the interior regions was more than twice 
as dry as that which rested upon the southern hills ;—tlkat the aspect 
of vegetation and the rocks correspotnled with the indications of the 
l-.ygroinctcr, and that the eliinatc of the valley of Sp'ili at an elevation 
of between twelve and thirteen llionsand feet, in October, was infinitely 
more arid than that of Salnitlni at four thousuud feet, iu May and 
dune, nhcii the wind Ix'conics heated and tlio country parclied up. The 
temperature in the former was between K»" and lb ® -,—111 the latter 5i0®. 
The minimum ot the liygromctcr, in a scale that indicated 1,200, as the 
point of sat m at ion was .();}:(, * the barometer lu iug then 1!).270, thermometer 
o'.f. Tor a siieees.situi of days the range varied between .012* and .Obb* 
lov the least, and I/O to 1.00 the greatest, which last always occurred 
sometime after sunrise 1. At elevations of nearly fifteen thousand feet, 
the results wore not so decisive owing to the jiresencc of clouds iu the air 
and to the great din’erence of temperature, the correction for whii h 1 have 

* So writUin in iLe MS. ; perhaps inlended for 33, 12 and 55. 

■|- At Suhdthit^ Katkrs hy^^romettr seldom fell under 100 in a temperature cxcccdinj^ OO^.— 
In in October, the depression was generally 15 in an atmosphere ot* 50 degrees. 

T a 
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never ascertained. — In lho.se last situations the weather was very cold 
and unsettled, the thermometer varying i’roiu 12’’ to 41°, wi<h occasional 
sjuinklings of snow. Under analogous conditions the dryness of the air 
increases with the elevation. 1 regret having overlooked the wet bulb 
thermometer which from its principle and simplicity is, without a doubt, 
the most correct measure of atmospherical humidity : a compensation may 
liowever be suggested for the clfect of the wind in accelerating absorption. 

The face of the country, as far as it has been setn, alfords a desolate 
view to the botanist, but the field is not so unproductive as it looks, and 
vegetation though scanty, will be found to exhibit many new sjiecies and 
peculiarities. A generic cliaracfcr prevails : most of the plants being 
armed with sjiicuhc: furze and spartium form the general clothing of 
the soil. In Uiiimal nature, the scene is cipxally fertile in variety: and in 
geology, there is much to interest inquiry; and if elevation is an object 
of science, the mountain ranges here oiler facilities of ascent, which the 
steepness of the southward llinuUnya, the snow and the cloudy climate, 
entirely oppose. It is obvious that angles taken from an aliitude of 
twenty-one thousand feet, would be subject to little or no refraction where 
the visual ray passes through so thin a medium. From such a position, the 
highest levels of the country would be accurately imiicated, assuming the 
base to be correct, Avhich barometrical observations would sullii.iently 
establish. Objects visible upon the plane of the horizon, at a distance of one 
geographical degree, would be actually elevated three thousand feet : the 
extreme height of the mountain range would thus be readily determined, 
as the observations would be liable to little discrepancy from atmospheric 
causes. The climate in summer is sufficiently favorable for a stationary 
residence, and at twenty thousand feet, one would rarely be exposed to a 
severer night temperature than 20°, or during the day, to one of ten 
below l.j°, very commonly much higher, from the poAver of the sun’s rays. 
Observations might be made on the diminished pressure of the air upon 
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the organs of life and matter, evaporation, ainl many meteorological 
phenomena. 

The hope of new discovery increases the feeling of gratification we 
experience in treading over spots unvisited by man. No precious ores 
have yet come to light, but if analogy is any guide to expectation there 
is nothing against the supposition, that metallic riches may be concealed 
in the lofty masses of the interior, Avhicb in configuration and structure, 
corrospoml to those that produce them in America. This i.s not a new 
conjecture, and if they do exist, their site will jirobably be found in the 
highest /ones of the limestone or clay slate. 'Phe lenticular particles of 
gold which are daily washed from the sand of the Sallj and other rivers, 
aiford no clue to the solutioc of the problem, but together Avith the con- 
formation of the mountains and the fact (ondly related) of auriferous ore.s 
having been discovered in Thibet, there is no reason to discard the idiai. 
Copjier has already been found at Shugnam in Khnatirr and in Sjiill ; 
which is here at least as presumptive of the existence of precious metals 
as galena is of their mines upon the hillier side of the llimdfaj/n, which 
though discovered, .seem doomed to oblivion through the timidity and 
poverty of the chiefs of the soil. 

Jt is to the inner ranges that we must direct research for the germs 
of metallic wealth, and especially where the great lines of level mark the 
highest continuity of the country. There is nolhing to expect from the 
primitive formations which shoot up in hard compact masses into the 
peaks recognised from the plains of India as the Jlimdlaija. 

. In the mountains verging on the table land, the rocks are all of the 
order considered as secondary and of the very class Atiiich envelope 
the treasures in the Andes. In those formations we haAC in a gentiral 
view horizontal sandstone, wackcclay, and micaceous slate, and varieties 
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of liinostono, even down to ihe trausitiou slnu ture that displays itself 
in eavt ills, stalactites, 8:c. and contains animal remains and traces 
of jilants, being often entirely composed of vegetable matter. The soil 
itself appears in argillaceous earth, bods of gravel, clay, and marie, 
deposits of gyjisnm, and a cincritious looking rubble, indicating coal or 
plumbago. Though no traces of ore are visible upou tiic surface, those 
mountains may only ditl’er from the American chain in containing it in 
tlic loftiest zone, nutrodden by man ; but the mineral state of llic interior 
has not yet been examined, and neitlier the scenes of savage beauty 
in some places, nor tlie grandeur of tlieir barri'imess in others, have urged 
adventure to explore scientibeally their lofty strata. ’^I’lie fossils of the 
lUmdhnja in respect to variety, extent, ami elevation, are amongst tlie most 
eurions objects to the naturalist, who sees liere the great iviass of secondary 
fonnations, and even portions oftlio tai»le land itself, rising higher than 
the primeval peaks. This is sidliciently remarkable in tlie iofiy le\cl of 
liiipslni between Laddie and and the still Jiighcr belt of eounlry 

intersected by the Au/Ay bet ween tlie ('hinese frontier at Shipki: and lake 
Mansannani, suf)ported by the Ilitndla^a oi\ the south, and llanked 1)\ the 
great Ay /uv or cliain waslied on its nortvard base bj tlie Indus, 

beyond wliicli all o\ir knowledge ceases; but information, and (.•oncl^l^i()ns 
loge.i her vague and imprecise as they are, hold out the ground and idea 
of still loftier ranges, the nature and limits of which Ave cannot e\eu 
conjecture. The eternal snows arc there repelled to an inerediblc height, 
resting partially or entirely vani.sliing, from the face of llie eouiitry, very 
little being here precipitated from skies almost bare of clouds. Tlie 
rounder and more bimjiy conligiiratiou of the mountains and gentler 
undulations of the soil would seem to indicate tlieir structure to be analo- 
gous to that of ihc K'gions which have come under observation, and the 
accounts of ti[^ J^amas conlinu the report of calcareous deposits, gravel, 
ckuish, or Jiunlear, rnhlde, and alluvial forma:ious, wherein sliells and 
various organic remains, w ith pelriticd bones, are found intermixed M'ith 
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decomposed felspar and the fossil exuvia' of animal matter. From the 
vast extent of tl)c homogeneous tract, as inferred from the narratives of 
travellers and ihe ]>roductions of distant points of the plateaux, there is 
every pro])abilily that the Avholc country lying at the hack of \\w Jlimdlaifa, 
the mountain lidgcs and jdaiiis of the interior from the skirt of 7>rtdd/..', and 
even tin', limit of I'urluHh'ui to the table laud ot the Jiriihmiiputru at 'Feshu 
abound with fossil relics, the living prototypes of which have 
disaj)pearcd from the earth. The grounds of this belief are i\ot comprised 
in the productions of the Sji'i/i valley ; several of the most curious shells 
having been obtained from remote parts of the interior, but not being 
object', of appreciation by tiie people as the. Suhardina stones are in 
Jiulia. thov ])as.s unregarded, or are viewed with superstitious reverence 
as in the case of the fossil bones of the Sluiinnoth, considered to have 
falh'ii from the clouds. The very few slmlU which have thus come to 
light, are ehir lly interesting as insulated specimens of the varied rosourecs 
of Ihe eoiinlry : being from their unknown sites and ]>osition deprived of 
tlnir viihio to tlio geologist, though still identifying the continuity of 
chaiaet« r, and pointing out an intimate analogy with the fossil geology of 
0 ]>posite regions oL the globe. 

The valley of Sinl't, though remarkable for the poverty of its soil and 
inhabitants, claims consideration in a physical view, the river rolling over 
a plane, the extremities of which have a dillercnce of level exceeding one 
mile in a distance of one hundred, a fall unindicated by the apjmarancc 
of the stream. The declivity is to the south cast, and the course so nearly 
parallel, that with the exception of a single dcllection above Slticallcar, 
a straight line wmuld almost lie within the whole channel, a feature in 
perfect conformity with the homogenous nature of the rocks through 
wdiicb it passes ; and wherever an obtrusive formation occurs there the 
velocity of the stream undergoes a change, all the harder or primitive 
rocks which enter into the structure of the channel uniformly hastening 
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the slope, givinpf the river an impetus, -whieh often roughens to a torrent. 
In the secondary or softer strata, the channel is less jogged and the 
surface of the stream smoother, and where the district is limestone, gra- 
velly, or argillaceous, it meanders silently, threading its way in the sandby 
numerous intersections : a corresponding character is imprinted on the 
landscape, the mountains betraying their structure in their configuration. 
The lower region of the dell is very rugged and abrupt, the granite rocks 
on each side at the conflux with the ISnllcj cut into mural precipices, hang 
like vast gates over the slowly emerging river. The eastern wall of this 
chasm runs up with an unequal slojie till it is crowned by the sharp clitfs 
of ParLtjid, bordering upon twenty-three thousand feet, and repelling 
the snow IVom their arid sides to within three thousand feet of their 
summits.* With the exception of a few miles at the embouchure, the 
river upwards, as far as the village of f V/m/go, is much inclined, appearing 
in a line of whiteness. In tins neighbourhood, especially at >S/uu/l<iti\ the 
mountains exhibit their sides of rotten argillaceous slate, and at their 


* Two oi' llic peaks liavo been found l)y nicnsiircnient, rospcctivtiy, twcnly-two ihoiHTrul five 
hundred and twenty-two tliou^and st veri Imndrcd, but it is jirob.ililo that there are istiil loiiur juuut'^ 
in the back ground wliero it abuts upon the table lantl. 'J'lio jitluio tivntU biong llio Spi/i as fu as 
Chaitffo, wbere it is dellected to the north oast, and softons into \avSt In '.ps, licing no Ioniser pi akod, 
and the granite evidently running into the .secoiukiry class of locks, and giving the bluif conloui to 
the masses nhieli have a waving gravelly appeal ar.ee, uifh a regular slope. Their summits whieh 
seem to cxcecil twenty-one thousand I’cet are feisakenby the snow, l^en after a heavy fall in the' 
beginning of November vvbieli covered the face of the ctumtry — those arid mountains presented the 
ligiitest drapciy like hair powder. My lol’ty position above the cottage of Clunujrczimj was upon 
the slope of one of those enormous heaps, and they cxteniled towards the chain of red peaks with 
an ascending elevation. 

In a notice by Mr. CormnooKE in some English publication, upon the comparative results of 
various measurements in the Himaktya regions, made by Captains IlraF.EiiT and (iriiAnrj, be remarks 
that the only great dilfercnce between the observations of the two Surveyors occurred in the altitude 
of Pfn7///7f/, where thi? amounted to three thousand feet, wdiidi is a mistake either on the part of 
INIf. C. or in the statement of the ease. The station upon the slope of ParhjuU at nineteen thousand 
five hinulred feet, being confounded with the crest of the peak wdiidi is tw'cnty-two thousand live 
liuiulicd feet, a discrepancy of sulficient magnitude to lessen the dependence to be placed upon the 
accuracy of all the results. 



SPiTI VALLEY, &c. 


207 


bases we see tumuli of loam like potter’s clay protriidinfr througli the 
black soil. The eternal snow (summer line) here recedes to nearly twenty 
thousand live hundred feet, on a south western exposure, the bottom of the 
valley bein^ itself ten thousand feet above the sea, but the effect of solar 
radiation in this arid concave modifies a climate, which, in insulated 
elevation would be unproductive of grain, to a temperature capable of 
rearing consecutive crops in the proper season. 

Upwards from SlimU/,ar, the river has a slower acclivity. The 
marginal rocks crumbling at their surface terminate in smooth slopes of 
finely coniininutcd matter, and finally in steep dead sand, which repels 
both vegetation and snow, till near .Ddulan:, where the valley making a 
sharp Ilex me, resumes its natural direction, deriving a new feature from 
the tiansition of llie -rocks which now mark the fossil district, and open 
out at tlieir base to a Hat pebbly expanse of three furlongs. 

The scone now begins to wear a desolate grandeur; every object is 
avid, tlio parched and tldrsty soil ceases to shew a glimpse of verdure, 
'.riie river u inds ]«•-> < onrsc in streamlets through a bed of sand and pebbles. 
I'lie section of the rock being very steep exjioscs the stratification, w'hieh is 
here slightly inclined from the hori/.on. J^dnUar itself is perched upon a 
pioj(?cting ledge of conglomerate limestone, rising out of the valley in 
sleep indurated masses, which the erosion of time has filed into slender 
spires and the percolation of snow eaten away at their bases till they 
present a groupe of turrets and ravines almost deceiving the senses by 
the effect of natural agents. I'liese lofty piles have a compact solidity 
which resists the hammer. Their sides arc often scooped into places of 
abode, and the natural excavations are taken possession of by monks 
and a vagrant priesthood, who detaching themselves from the rest of 
the world like the Druids of old, are to be seen peeping out irom their 
isolated niches. 
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The -l alley beyond this point preserves a considerable expanse, vary- 
ing: vviili the structure of the luountaius, which sometimes jut out in hard 
black masses, contracting the river, but the bed continues pebbly and un- 
hampered by rocks. The near cliffs on each side rise to about sixteen 
thousand feet, and are entirely bare, the snow resting at twenty thousand 
feet upon southern aspects, and except in hollows, not greatly lower on 
sliaded sides. 

At the village of Ran^ rU, two days journey about Ddnkar, the bason 
of the river has a fine spread, and is here intersected by sandy islets, 
bearing Tamarisk bushes and a turfy vegetation, whereon the ffocks feed 
in winter by scraping through the snow. The country has the same 
arid complexion, and encroaching barrenness alone marks the course of 
the valley, while gleams of the snowy frontier of Rupshu are seen through 
the defiles of torrents, and a sharper section of the mountains foretells 
approach to its recesses, 'fhe cultivable step is greatest upon the right 
bank, the dill' of which, on both sides, from one to two hundred feet high, 
is worn into pillars like gigantic minarets. Their composition is an aggre- 
gate of gravel, pebbles, or calcareous rubble •, the left alluvial sediment of 
the river baked to a rugged hardness by the sun’s rays, and tapering into 
cones which are frequently crowuied by a fiat stone like an entablature; 
their bases eaten away till they fall within the perpendicular, and altoge- 
ther so frail as to appear to the spectator who passes them, an impending 
dangc ’ which hastens on his steps ; yet they stand erect, crumbling only 
at their surface, and, subsiding imperceptibly to the surrounding level, 
vanish amidst their own ruins, from which others again take their rise, 
and in their slow formation and slow^er decay, they record long periods of 
time, being the last remains of a bank or entire section that has thus worn 
away. These groupes of tumuli which are often left insulated upon the 
steepest slopes of the mountains, where all around is uniformly smooth 
and bare of vegetation, are viewed with timid curiosity by the traveller, 
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who descries them from afar through the loaming air like fortified castles, 
but here mau is not his enemy. 

At this point of the valley the river has an actual elevation of twelve 
thousand feet, and the nari'ow inhabited slip, from two to four hundred feet 
higher, trends on each side with a steep clilf to the stream, backed up by 
the bases of the mountains which here assume a perpendicular form, and 
the gradual erobion of their surface has thrown up heaps of finely attrited 
mailer that roaches high upon the sides of the rock no longer visible, and 
in the course of time will overtop the loftiest peaks, and the M'hole country 
be thus buried in its own dust by a process of nature, which, however 
blow, is inevitable and irresistible. 


Tlie rise of the level continues beyond llnngnk, at the rate of thirty 
feet a mile; the river winding with a varying expanse and making 
shari)er flexures ; the rocks of a packed structure assume a bolder and 
more lumpy form, their inward faces steep and scabrous, terminate in flat 
summits, or are deflected in a slanting plane at a medium height between 
sixteen and seventeen thousand feet, a limit which is occasionally whiten- 
ed by snow at mid summer. These are but the cheeks of the river, and 
the roots of a parent chain on each side which towers majestically in the 
back ground. The villages of Hayl and llansi rest at an elevation 
between twelve and thirteen thousand feet : here the river is still of con- 
siderable volume, but fordable M’ith some exertion ; and at hossur, the 
last inhabited spot, a few miles higher, the stream was found so much 
reduced that 1 crossed it with ease upon a man's back in the month of 
August, but the width of its bed argued its much greater .size at an 
antecedent period of the year. Beyond Lossur the river has not been 
traced. On coming down upon the village from the heads of the C/iunib, 
1 found its bed, at a spot nearly a mile higher, to have an elevation 
approaching to thirteen thousand five hundred feet, and the slow rise 

w 3 
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of the river onwards, as shewn hy the flatness of the channel and 
creeping progress of the stream, indicated the forks to be still at some 
distance, and the valley, before it breaks into a gorge, to have a vast 
altitude, perhaps not under seventeen thousand feet. The nature of 
the country at Lossur jiartakes of the general arid display. The moun- 
tains arc more continuous, and throw out their cliffs like a wall, where 
neither snow nor soil can rest ; their tabular summits adding a new feature 
to a scene of calm desolate grandeur. 

In August the crops were still green and the morning tcmpc'rature 
at 42'*. The village occupies a slip of soil at the feet of the mountaijis, 
and cultivation descends in a -slope graduated for irrigation. The people 
arc even darker here than in the lower and warmer regions, and when the 
ground is covered with snow the black figures moving into sight have a 
very grotesque appearance, as they glide along the sheeted surface to 
w'hich they form so sad a contrast. Mankind here, like plant.s in other 
climes, groupc together for mutual comfort and protection against the 
pressure of the climate. Lofty as the level of i^ossur is, there is little in 
the landscape to betray its position when viewed in summer embosomed in 
nourishing crops and herds of shawl-wool goats. Yaks and horses meet 
the eye upon the high acclivities of the mountains, and an ardent sunshine 
keeps the air loaming from the effect of mirage. The Hpiti below in its 
smooth sandy bason might even be recognised as a stream in the plains 
of India. 

I had no opportunity of obtaining precise information about the 
remainder of the river, much less of following it up ; but from the confor- 
mation of the channel and glance along the stream, while I stood in its 
bed, 1 have no doubt that it penetrates several days journey beyond 
hossur, and that it forms the base of direction to a pass into liups/tu, 
which by inferences from another, at a lower point of the valley, may be 
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concludod to be upon the verge of nineteen thousand feet, and as the 
streams from that elevated level still flow hy a circuitous course into Spilt, 
(none linding a slope to the hulus') there is the most presumptive proof for 
the supposition of higher ranges in the area included hetweeu that river and 
the Sallrj than has ycthccn observed in the detached clilfs of the Himdfai/a, 
which seen from sj)ots little elevated above the sea, in sharp towering 
peaks, impress hy their imposing portraiture an idea of greater altitude 
than that which is recognised in the mountains behind them, where this 
elfect is absorbed in the vast elevation of the soil from whicli they rise, and 
tlie very lofty position of the spectator who views them. The mountains 
uj)on the Tartaric frontier derive from the elements of their formation a 
rounder contour, apjicaring like gigantic sand heaps. We here behold them 
as it, were Y>lante(l upon a plain, which is itself more than half their entire 
hei ght. 'Fhe stream of the Sailcj at Sliipkc has already risen to nearly ten 
thousand feet, and at licUhnr, thirty miles farther, it approaches to eleven 
thousand. At the town of Daha, under Niti. pass, and eight days journey 
from jMausarovnra it verges upon lifteen thousand ; limits which, if in insu- 
lated elevation, would of themselves he considered as very lofty, are here 
lost in the continuity of the neighbouring surface, and the highest ridges 
are apparently diminutive, and where the lines of level reach a greater alti- 
tude the inequalities of the soil become quite insigniticant. In the plains 
and vallics of Itupahu I found myself surrounded hy black conical liills 
of from three to four thousand feet, mere heaps, yet they had a positive 
height of twenty thousand, the flat expanse at their base being here 
sixteen thousand. Lake Cliamorcrif, the greatest depression of the soil was 
still fifteen thousand feet above the sea, Avhilc liuke Mansarovara, from 
conclusions grouinled upon barometrical observations made in the course of 
the Sathj, appears to he at least seventeen thousand. It is not surprising 
then that the country of the Oondes, or Hun-dh, seemed to jMoorckokt to 
he less lofty than the Jlimdlaya, and that even Kyl&s, so conspicuous an 
object of reverence and superstition, elicited no mark ol admiration when 
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seen from a position so elevated, that Chimbora-o itself would look like a 
mole lull, and the hi^liest summits of the Jliindlai/a cease to appear ma- 
jestic. Subsequent travellers have been e(pially deceived by the aspect 
of the interior, and though aware of their own elevation, erred prodigiously 
in their conclusions on the height of the country. Seeing the mountains 
under a less abrupt form, and only capped with snow produced a convic- 
tion of their depressed altitude, and that the whole surface had a down- 
ward tendency ; a knowledge of the reverse may be now safely hazarded 
even upon the rude approximations which have been obtained. A tra- 
veller in Riitpsbu linds himself, for days together, upon a level between 
fifteen and seventeen thousand feet, which runs in flat slips, or slightly 
inclined valleys, formed hy the intersections of the mountains which 
arc crossed at their ilepression, between eighteen and nineteen thousand 
feet; but this broken land already borders upon Ltuldk and th<^ /y/r/«.v, the 
bed of which under L>elt, the capital, has probably an elevation exceeding 
eleven thousand feet, yet the country all around was very high, and the 
distant mountains in sight not only uniformly white in a region where 
the perennial snows rest beyond twenty thousand feet, but tliis belt wuis 
very broad, and the aspect was more that of mountains of snow than 
snowy mountains, n\y own elevation being here eighteen thousand feet; 
circumstances of themselves arguing vast height and removing at least 
much of the uncertainty and many of the errors which the consideration 
of such a subject would involve under the usual elements of the problem.* 


* Haronictrical results from their extreme simplicity and facility of observation, have not received 
due esliniaiitiri in Geometrical operations, ^\hile inacciirac}^ in the instruments or observers liave 
ju'jily depreciated ilieir value. It will however be found that with the correctness of which they are 
sii'^ceptible, their indications will approxiiiiute so closely to Trigonometrical measurements as to 
h ave the qticstion of superiority doubtful. I allude here to those Mathematical operations, which, 
bv their conditions, exclude every source of error arising from refraction or the determination of 
the base and angles of the tiiangle: in cases of considerable diflerence in which the trinngulation 
involves long distances, and in instances where two of the angles can only be observed, baromctiical 
concluMons doerve llic preference, and in almost all are indispensable adjuncts, and aftbrd satisfac- 
U ry verifications, while the most interesting portion of Physical Geography, the lines of level which 
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The idea of other and still loftier ranges beyond those gelid scenes, 
extending along the soulheni skirt of the Indus, is strengthened by the 
information of the goatherds upon the spot; but those observed from a 
barometric level of 15.520, answering to eighteen thousand feet, where the 


regulate ( lunate anil vo^otation, tlio {sections of rivor courses and the planes of water comniunicalioii 
throughout a couotiy .ulmiL of no othor method. On compaiin^ the eiiciimbtanccs \\liich att'cct the 
comlitiiius of the respoctivo ojierations* wc shall see tliat tin? refractive power of tlie atniospliere 
involves a source of error of inliuitoly greater extent and uncertainty than the variations in its gra- 
vity "liich ahmist alone enter into Birometmial computations, and can be compensated liy the 
medium of a large range of simultaneous obsci vations. In cases of small angles at great distances 
the uncertainty of refraction must always prevail, and in the various, degree's of temperature and 
ImmiLlity of the medium through which a r.»y of light [lasses from an object in the Himalaya 
to die e\e of an ob-^orver upon the plain of India, if the angle is less than 1", the undeter- 
minable fjMantlty might be suflicient to viiistc'. the whole? calculation, if this is made with 
reference to a hxed point, but without a'Jsunnng the extreme limits of error which are liable 
to result from the dcHoction of the visual ray in an atmosphere, varying in temperature wu’thia 
the points of observations to 70 or 80 degrees, the uncertainty still r .mains as to the rjuan- 
tity (0 be allowed for the internpted arc, in cases where the three angles of the trian- 
gle cannot be ol)hcrved, winch include all tlic grand points of the chain, and for whicli 
allowance there i.s no precise measure, and a mean fiom tlie extremes only reduces the height of an 
object within the limits (»f a very considerable space, in inanr cases exceeding a thousand feet. 
With rc'-pect to Barometrical heights, much superHuous objection has been muile in regard to tho 
variations in the specific gravity id (lie mercury audng horn natural impurities or adulteration, but 
which arc notw irhbfandiMg, limited to a mere imaginary compass, from the impossibility of alloying 
the metal to any appreciable extent, without rendering it useless for the purpose. These are how- 
ever, determinable errors, which may be destroyed entirely. In the dry and brilliant regions which 
liave disclosed the scenes of gigintic grandeur alluded to, refraction becomes a computabli? element; 
from stations elevated eighteen and nineteen thousand feet, the angles of the most distant objects 
would be subject to little derangement from variation in the density of the atinosplicre and 
vertical bases which are generally within our reach, by ihtir proximity to cadi other, would prevent 
tlie accumulation of error by reducing the interval between the observation of the angles to an almost 
colemporary result ; another advantage occurs in Barometrical levels at very lofty stations in the 
slight changes of atmospheric density, or at least the uniformity of tlie ihictualions. It is tiue that 
it requires but half the extent of (lie oscillations in the mercurial column here, to produce the same 
clVecl (error) as at the level of the sea, but this is equally appreciable at the highest as at the lowest 
regions, and the disci epnncy (wdiatever this may be in an altitude of four or five thousand Icet, is not 
liable to be augmented in that of eighteen or twenty thousarul, a correction for llie hygrometric 
state of the air seems still a desideratum in Barometrical calculations. Under all the circumstances 
of the meaburement when made with accuracy and the necessary compensations, we may safely 
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night temperature was 13" on the *23r(l September, had a sufficient angle to 
approximate their altitude to twenty-live tliousand feet, and this not in a 
few detached points but a continuous line of peaks, while the paler snows 
which encircled the summits of the most distant, indicated them to be 
still loftier, and without assigning them the extreme height, (in that of 


assign two hundred feet for the maximiini limit of error in the greatest altitudes, and at the most 
remolu distances irom the site of cotemporary observations, a ijuanlity not so great as rehulu 
between separate Geometric operations by the same person or between dilfercnt observers, and even 
less than the difference in the computations of separate individuals from the same premises, and infi- 
nitely less than the limits within which refraction varies in the ordinary state of the air. An appli- 
cation of the argument is found in the Cliur, an insulated mountain ridge, twelve thousand one hun- 
dred and forty-seven feet high, in the hill state of Tirmur, north of Ndhn ami Sahdrrntpury chosen 
as the grand I’rigonometrical station for the survey of the country between the rivers Sathj and 
Jainnat and its altitude fixed by a series of simultaneous observations made under different circum- 
stances of seasons and temperature upon its summit, and Sahdninpur upon the plain at an obliipie 
distance of about fifty miles. This being an accessible spot, all the angles of the triangulalion 
were observed and the amount ol refraction determined, the greatest accuracy is therefore due to 
the operations. Several years after, I visite«l the spot on the day of the summer solstice, at the com- 
mencement of the rainy season, when the difference of temperature between the peak and the plains 
was about fifty ThcTinonierrical degiees and the atmosplierc variable. The l^arometers I ii»ed were 
constructed by myself upon the spot. Tlic tubes, though under twenty-eight inches, exhibited a j)er- 
fect vacuum, the mercury having been boiled within them. The scale was a fir rod, the horary obser- 
vations were made at my camp seventy feet lielow the summit, and several were taken upon the 
extreme point of the peak, ihe result of the whole as calculated from simultaneous observations at 
Subathd the height of which was fixed, cariio within three I’eet of that deduced by the most accurate 
operations of trigonometry which is perhaps proving too much. A subscijuent measurement, at an 
interval of some years, and computed from liuronietrical observations at Calcutta, was within a few 
feet of the same result. The uniformity in Barometrical indications proves their accuracy. Bar 
loftier spots than the Chur have been vi.sited at different seasons of the year, and with different 
Barometers with the most satisfactory results. The passes in the Hundlaya at fifteen and sixteen 
thousand feet, in the midst of eternal snow. Those upon the verge of tlie table land at elevations 
of eighteen thousand feet, in a bleak arid country, and stations u[)on Parhjul at nineteen thousand 
five hundred feet, and the difference in the respective heights seldom approached to one Iiundred 
feet, though the temperature under which the observations were made sometimes varied forty degrees. 
Upon every consideration then, the Barometrical levels taken in rny journey to the skirts of Laddky 
and at various times upon the frontier of the Chinese territories, may be depended upon as true 
indications, though I have not attempted to reduce them to measurement, but contented myself 
w ith general conclusions, in round numbers, as more consistent with the nature of the subject. 
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a solitary peak,) there is ample room to confirm their rivalry over the 
southward Himalaya.'^ 

The snowy chain, west of the Ganges, is crossed at elevations of between, 
fifteen and seventeen thousand feet, and rarely the latter. At the sources 
of the flyphasis in Kulu, the depression of the Uini&laya, at the pass of 
Ilolang, is as low as thirteen thousand feet, but the northern ramifica- 
tions of the chain are traversed in an ascendiiij^ series in that of the 
Paralassa and hallche, long ridges, respectively sixteen thousand five 
hundred and seventeen thousand feet; a third which formed my nearest 
appul.se to Ijudak, was approached by a valley itself elevated sixteen 
tliousand feet, and from the steepness of the- slope in its winding course 
beyond ray position, I concluded the pass in the range to border upon 
eighteen thousand feet. The contiguous peaks, at a far higher level, 
were perfectly black in the middle of September, — but before reaching 
Laddk, another range, the Parang La, is crossed, which being sheeted in 
snow, and the passage expressly described as attended with laborious 
respiration, debility, and tlie usual effects of a highly raritied atmosphere, 
we may infer to be still more lofty, | This chain runs upon the limit of 
the Jndns, ami is no doubt continuous with the line of dills already noticed, 
which appears to stretch away uninterruptedly to the forks of the river 
near Mnnsarovara. Pursuing the analogy, by going eastward, tlie passes to 


* This measurement excludes the still loftier limits which have been assigned to Dhawalgiri^ 
Chamiildriy and other peaks in the south-eastern quarter of the chain which have not alForded tlie 
same advantages of verification, and may still be considered as desiderata. A few others liavis 
indeed been determined at twenty-three and twenty-four thousand feet, but even those detached 
points can scarcely be taken as a measure of the magnitude of the range as compared with the vaster 
continuity of the interior ridges of the table land. 

\ There is some uncertainty whether this range of mountains is crossed by the route I followed, 
but it exists and is represented as a very formidable barrier. My nearest appulse to Lehy the capital, 
appears to have been still five days’ journey distant, which allows ample space for the intervention 
of the snowy ridge Parang Ld* 
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Stan (TO, Belihar, and between different points of the Sallcj, on the table- 
land, are all beyond eif'-ht thousand feet, and one from Sunqnam in 
Kun/iwer, into SpUt, cuts the mountains at an elevation of eighteen thou- 
sand seven hundred feet, while the communication with Rvpshu, from 
the valley, is still higher, shewing the barometer at lo. liO on tlie .‘loth of 
September at noon. This magnificent boundary is of secondary forma- 
tion — if by this is understood rocks of stratified limestone, intermixed and 
alternating with argillaceous slate, masses of hard sandstone and a coaly 
looking substance. None of the primitive rocks are met with in the 
upper course of the Spin, but near Shndkar they are conterminous with 
transition formations, where the stream of Pardti, from the broken land 
on the north, defines their limits in that direction. 

The geological structure of the Spili district commands a high degree 
of interest from its numerous fossil remains, and the singular elevation 
and magnitude of the scenes which represent them, the mountains in 
many places appearing to be formed entirely of shells, and their exuvia'. 
Specimens of these fossils have been sent by me to Calcutta, ^^lun c no doubt 
they will have been duly appi’eciated and elucidated by those who are more 
conversant than myself with the subject of fossil concliology. Some of the 
fragments were broken from masses of rock lying at the foot ofa cliff from 
w'hich they appeared to be detached, at a heigiit of 15,000 feet. The cliff 
rose like a wall abruptly from the river, but its eastern side sloped off’ from 
a crest of 16,500 feet high, where some ammonites were found. Illness, 
and the languor produced by such an attenuated atmosphere, prevented 
my taking every advantage of my visit to this interesting region, and my 
journey was terminated by the limits of the British territory. Just before 
crossing the boundary of Laduk into Rasdhir, I was gratified by the dis- 
covery of a bed of marine fossil shells resembling oysters, and clinging to 
the rock in a similar manner, but the suspicions of the Chinese prevented 
my bringing away many specimens. The loftiest position at which I 
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actually picked up some of the shells was on the crest of a pass elevated 
17,000 feet, where also were seen numerous blocks of the calcareo-silicious 
matrix. I was not able to pass more than a single day at this interesting 
spot, but I brought awa^ numerous fragments of the rock. If the obser- 
vation of shells and mountain strata of organic remains at such an altitude 
be worthy of attention to the geologist, I am happy in having enjoyed the 
opportunity of verifying the fact — leaving to more experienced hands the 
recognition of the species and the age of the fossils, the classification of 
the strata in which they are imbedded, and the theory of their being raised 
to their present elevation. 


N O T E. 

It will be seen by the heading of this paper, that it contains only the “ first part’’ of Dr. Gerard's 
observations on Spiltf and treats of the geognphy, elevation, and climate of the valley; the 
second part, which was to have described more particularly the geological features of the country, 
in illustration of the presented by the author to the Society, has been delayed by Dr. 

CiERAun’s journey to tlie Orws, and cannot now arrive in time for insertion in the present volume : 
the last paragraph has therefore been added from information contained in the author’s letters to the 
Society accompanying tlm apeciinens. It may also be convenient to notice here that duplicates of 
many of the shells described in the Rev, R. Evere?»t’s memorandum, page 107, were sent at that 
gentleman’s request to Mr. Sowerry, author of the “ Mineral Conchology,” the substance of whoso 
reply is hero subjoined, with alteration of the numbers, that they may coincide w ith the figures of the 
plates of Mr. Everest’s paper. 

Extract from Mr, J, D. C. Sowerbys letter to Mr. James Prinsep^ See. Ph. Cl. 

** I had before seen some specimens from the same mountains in tlie possession of Mr. Stokes 
and Dr. Buckland, among which were several ammonites that are as yet unnamed. The Rev. Mr. 
Everest’s deductions are correct aa far as they relate to the formations the fossils belong to, as will 
be seen by the accompanying list of names, to each of which I have added the formation in which 
that species occurs in England. In the genus Terebratula there are many species that cannot bo 
depended upon as indicating particular formations, because very similar ones arc found in several 
beds, and the species are difficult to determine, especially if not quite perfect^ The Pecteji 
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mentioned ns resembling the common scallop (of which no specimen was sent home) is probably the 
P, (ft/idvalvis, which is characteristic of the inferior oolite; the Helix mentioned also may possibly 
be Ampullaria nobilis which accompanies the Cirrus in the lower beds of the mountain limestone of 
England and Ireland.” 

5, Camden Terrace, October. 


List of Himalayan Fossil Shells. 

PI. I, rigs. 2, 3, 5’-Ammom/es anmdatus, anffuimis of Schlotheim, Zeiten Verstcinerungen Wur- 
tembergs ; t. ix. f. 2. Min. Con. tab. ccxxii. fig. b is the same shell Lias 
formation. The large specimen is filled with sulphate of barytes. 

Ifi-^Belemnitcs sulciilits, Sillot, Miller, (Trans. Gcol. Soc., 2d series, vol. II, pt. I, 
|il. 8, fig. 3, 4, and 5.) liel. tipiciconus, lllainville’s Menioire. Lias, infeiior 
oolite. 

\b— Alveolus ol a llelemnitc, peiliaps of li. sulcatus — Orthorrra rotiiat of Min. 
Con. tab. ix, ultliough called an oitlioccra, is only an alveolus siiiiilur to this. 

PI. II, Fig. I9~ ..di'jcw/a (rather than new specic.s. 

22 ^ Hi—Spirifcr slriutus. (Mio. Con. lab- cclxx.) Mountain limestone. 

25— Cast of the interior of the same shell. 

^i — Producta snibriciild, (Min. Con. t. Ixix. fig. 1.) This and the iSy ?V</er are in 
n stone strongly re.scnibling some ul the Tiuiisitioii .slate of England. 

2G~Asfar{e planata, var. (Min. Con. tab. cclvii.) Ihferior oolite. A variety of 
this shell is found at Bayeux in Normandy, and is railed Crassiiia rnodiolans. 

2%~-Nucula, an unnamed species ; similar fossils occur in the mountain lime and lias. 

29— strongly resembles a poition of some large Lioceramus, but is not peifeet enough 
to determine.” 


Of the other shells depicted in the plates, there were at that time no duplicates 
for transmission to England. The shells in Plate III, are for the same reason 
unnamed. 

J. P. 
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NOTE 


ON THE 


DISCOVERY OF PLATINA IN AVA. 


Bv JAMES TRINSEl’, i-.ii.s., Sec. Ph. Cl. 


The first suspicion of the existence of Platina in the Gold Dust of Ava, 
occurred to Mr. Cuakles Lane, a merchant residing at the Burmese 
capital, Amerapitr/i, in lh30. That gentleman transmitted through Major 
Burney, the llesident, a small button of the suspected metal, along with 
other minerals, to Mr. George Sminton, who presented them to the 
Asiatic Society on the 15th January, 18.31. 

A Note on the examination of this button was published by myself in 
the Gleanings in Science for the following month, in which it was shewn 
that the metallic bead was a fused alloy of platina, gold and iridium, with 
iron, .arsenic and lead. It had a specific gravity of 17.2, and was fusible 
at a forge heat into a round button. At a temperature of 1900° under u 
muffle, it assumed a dull granular spongy texture and a dark black colour, 
without loss of weight. The lead had no doubt been added to render 
the metal fusible: and when once united, there is known to be great 
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difficulty in again separating the metals. Platina cannot be purified by 
cupellation like gold, on account of its infusibility, which causes the alloy 
to solidify before the whole of the lead has been oxidized and driven off. 

Having expressed a desire to obtain some of the native mineral in 
grains, Mr. Lane was so kind as to send a specimen which he had with 
difficulty procured in the course of the following year : but he was never 
able to send a second supply ; so, being unwilling to consume the whole 
specimen in an analysis, I have contented myself with a rough examina- 
tion of a small portion. 

Before giving the results, however, it may be useful to bring together 
into one view the whole of the observations of the discoverer, and of Major 
Burney, on the locality, and mode of extraction of this precious mineral. 

Mr. Lane’s first announcement was expressed in the following terms : 

“ ‘ Mixed with the gold dust, found to the northward of Ava, arc a 
quantity of grains of metal, having every appearance of iron ; they are 
easily corroded, and are also affected by the magnet : by melting these 
grains, and keeping them in fusion, until the metal is no longer observed 
to scorify, the enclosed button of metal is left at the bottom of the 
crucible. 

This metal, when mixed with gold, is found to increase its brilliancy. 
The King’s ear-rings are made of a small quantity of it, mixed with pure 
gold ; it is very brittle, and all our attempts have hitherto failed in making 
it malleable.’ ” 

In addition to this information, Mr. Swinton received the following 
particulars from Major Burney in January 1832. 



OF PLATINA IN AVA. 


281 


“ ‘ I find that a good deal of the platina ore is brought from some 
mountain torrents, or small streams, which fall into the Kyeudween river 
from the westward, near a town called Kannee ; and it is collected 
in a very curious manner, as Mr. Lane is informed, although he hesitates 
to believe tl»c fact. The horus of a species of wild cow in this country 
called Ti>ain, perhaps the same as the Nylgao of India, have a velvet coat 
before the animal reaches the age of two or three years : a number of these 
horns are taken and fixed in the beds of the small streams, and at the 
close of the rainy season, when the water subsides, a cloth is put down 
over each horn separately ; and the horns, and cloth, as well as a portion 
of the sand around them, are taken up together. The horns appear to 
collect around tliern a good deal of gold dust, which the streams have 
Av ashed down, and with this dust grains of platina are found mixed. 

The Burmese look chiefly for the gold dust, separating and bringing 
that alone generally to Ava ; and although Mr. Lane has often urged the 
men u ho are engaged in this trade to bring at once the whole of what they 
take up with the horus, he has not yet been able to persuade them to do 
so. These horns sell sometimes for 12 or 13 ticals a piece : deer’s horns 
arc sometimes used instead of them. 

The Burmese call platina, Sheen-th&n; much of this ore’is also found 
with the gold dust collected among the small streams which fall into the 
Irau'ddi, to the northward, in the direction of JBanm^n.’ ” . . 

ANALYSIS. 

One hundred grains were taken for the determination of the specific 
gravity. They were ii^imersed in water in a small glass tube^ for wt^ich a 
counterpoise had been previously adjusted, and the air was taken out by 
exhaustion under the receiver of a pneumatic pump. 0.2 grains remained 
floating on the surface of the water, which, on examination with a 
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microscope, proved to consist of spinel, augite, silex, and one very minute 
emerald 

The specific gravity of the mixed grains at 75 .” was 12.17. 

Fifty grains, dri^, were then taken for analysis. 

1. From this were separated, under the microscope, 0.5 grains of gold. 

2. The magnet reinoved also 0.4 of small black grains, supposed to 
be crystallzed magnetic oxide of iron. 

3. The remainder consisted of two portions, which were imperfectly se- 
parated ; A, shining scaly grains of a silver colour ; & B, dark black grains. 

4. The white metallic scales (A) had a specific gravity of O.IO — the 
quantity separated weighed 8.5 grains. The black residue (B) weighed 40.6. 

5. The silvery scales (A) were digested in boiling nitric acid, and 
caused a slight disengagement of nitrous fumes. The solution was not 
affected by muriatic acid, and consequently contained no silver; but car- 
bonate of potash threw down a slight flocculent white precipitate, weighing 
less than 0.2 grains, which was not examined. It was probably carbonate 
of iron. The scales were then digested twice in boiling nitromuriatic acid^ 
which acquired a deep orange colour, but left undissolved a portion of the 
scales aiid such of the black grains as had not been thoroughly separated 
from the i the weight of this residue was 3.7 grains. 

6. The separated portiota of dark grains (B) was also boiled several 
times in cohcentrated nitromuriatic acid, which took up 16.4 grains, and 
left untouched 24.2 grains, among which were discernible several of the 
shining scales not separated in the first instance. 
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7. The two nitromuriatic solutions were mixed together and treated 
with muriate of ammonia, which threw down a copious orange precipitate 
of the triple salt of platina, vreighing 21.9 grains, which are equivalent to 
9.45 of metallic platina, or nearly twenty per cent. 

8. The solutions still retaining their orange red colour were treated 

with carbonate of potash, which precipitated at first mere oxide of iron 
and afterwards a bulky gelatinous precipitate of a light yellow colour, 
which was left unexamined for want of leisure, but which was sup- 
posed to contain a small portion of some earth mixed with carbonate 
of iron. . . 


9. The undissolved residue of A and B, 27.9 grains, was mixed with 
caustic potash, and heated to redness in a platina crucible, according to the 
formula of Wollaston, to rid it of silicious matter which prevents the ready 
solution of the metallic grains. The fused mass was dissolved nut of the 
crucible with weak muriatic acid,! and. was boiled in the same, imparting 
to it a bright yellow colour. The black grains remained in deposit, and 
were but little aflected even by repeated boiling in nitromuriatic acid. 
Tlie process was repeated with the same want of success. 21.82 grains of 
a fine heavy blue-black powder remained out of the original 28 grains : 
much of the dilference must be attributed to the lose in .such an operation 
upon a fine powder a part, however, is accounted for.in.the earths and 
iron taken up by the muriatic acid. * , .« 

10, According to the experiments of R. BtNOLEy, Bsq., H. M. Assay- 

Master, at the London Mint, small portions of . platina and its companion 
metals in alloy with gold may be separated by the ordinary process for 
refining gold, or quartation with silver and solution in ni^ic acid. I there- 
fore endeavoured to obtain a .solution of the refractory metal by noting it 
wdth gold.. ‘ 
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For this purpose, 2 grains of the black powder were wrapped up in a 
plate of pure gold weighing 20 grains, which was again enclosed in .'iO grains 
of pure silver, and the whole fused together in a wind furnace. The bead 
exhibited black specks, as of iron oxide, on parts of its surface, but most 
of the powder had united with the compound metal. 

On lamination and dissolution in the usual way, the nitric acid did 
not acquire any peculiar colour, and the gold cornet, when annealed, 
shewed the same spotted appearance as had been remarked in the button : 
it had a weight of 21 grains. On solution of this gold in nitromuriatic 
acid, the liquid took a dirty green colour from the suspension of a very tine 
dark blue powder, which quickly subsided, and had the same appearance 
as at first. The powder was placed in a Stourbridge clay crucible and 
urged in the heat of a forge until the crucible melted, without reduction of 
the powder to the metallic state ; and it was only upon subjection to the 
oxiliydrogen flame that it was agglutinated into a bright metallic sponge, 
similar to that of the iridium separated in the analysis of the platina but- 
ton from Ava, before alluded to. 

From the above imperfect examination, it appears that there is a pre- 
dominance of iridium in the Ava platina ore to a much larger extent than in 
the ores firom South .^mertca or from the Ural mountains. 1 hope hereafter 
to obtain a more copious supply of the mineral, and then to ascertain the 
presence of oxmium and the other metals which usually accompany pla- 
tina. The present Note has been drawn up solely with a view to certify 
the interesting fact of the existence of platina among the gold washings of 
the Ava rivers; and in connection with that fact it may be farther stated, 
that the platina constitutes 20 per cent, of the cleaned ore, and that it 
is accompanied with about twice its weight of iridium. The remainder 
appears to be chiefly oxide iron. 
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Adam, J. Esq. (late.) — A specimen of the Ornithoryncus Paradoxus from Van Diciueu’s 
Land. 

Bauington, fl. Esq.— S pecimens of Iron Ore from Hamhlialpnr. 

Baker, Captain.— 415 specimens of Indian Woods. 

Bellew, Captain. — A Cross Bow and Quiver of Arrows with a specimen of the Poi.son used 
for them. 

Benson, W. B. Esq. — A series of Land and Fresh Water 81u;lls of tlie Doalj, and of (he 
Gangetic Provinces. 

Bishop Turner, Right RevIsrend.— A specimen of Plundmgo fsom Ceylon. 

Bruce, Captain W. — Specimens of Minerals from Persia, from Rotas— from the Coast of 
Tenasserim, Ac. 

Buckuand, Reverend, Professor.— Specimens of Coprolite from tlie Lias of Lynieregi.s, 
Dorset. 

Burnbs, Lieutenant A.— Minerals from the Punjab and the Oxns — Limestone of Schwan 
and of the Indus— Granite of Abu, and Limestone from between the Oxu.s and 
Bokhara— Belemnites from the Eastward of the Aral and a small Fossil Bivalve 
from Bokhara. Coal from Kohat near Peshawar. 

Burney, Major.— MineraU from Ava, and specimens of Ava Platina in Grains. 

Burroughs, DR.—Stuiled specimens of American Birds. 
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('alder, Jas. TIsq.— ' A scries of specimens containinp; Organic Remains from the ncighbour- 
lioocl of the Giants’ Ganseway in Ireland — Species of Mollusca from the Coast 
of Ceylon — Geological h|>eciificns from the vicinity of Simlali, anti from the 
llinnilaya Range — Specimens of the Fossil Hones from tlie neighbourhood of 
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8(jillc dc ’1 I. Maurice, preserved in Spirits, and sonic Fossil bones of the 
Turtle, discovered in an e.-^tate at Flac(|. 

Deee, IV’’. Ksg. — Specimens of Minerals from the Goomadong Hills. 

Duncan, Du. — F ossil bones of an Jnepliant found in the river near Cnlpee. 
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Ranigarij— Geological specimens from the Raingorh District. 

1‘iNNis, Lieutenant I. — Specimens of (ho Minerals in and nearthe coal vcins-atllassingahad. 

Franklin, Captain F. — Geological Spccimen-s of Sagar and Juhalpur, from Bundlekhand, 
Boghelkhaiul. 

Gerard, Du. J. — A series of Fossil Shells from the Himalayan Mountains. 

Gov an, Dr. — R ock specimens from the vicinity of Simlah — A fragment of Calcareous 
Rock of Soobaloo — Organic remains from the Satlez. 
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Grierson, Dr. J. — Spceimen of the long-eared Bat (VcspertiHo Auritns.) 

Hardie, Dr. — S pecimens of Lias Limestone with Organic Remains — Mineral Specimens 
from Central India — Biana. 

Heath, J. Esq. — Specimens of the Iron Ores of the Salem Hills. 

Henderson, Dr. J.- - A sample of the Petrified Wood of Van Diemen’s Lund. 

Hodgson, B. II. Esq. — Specimens of the Copper Ore from Nipal. 

Hodgson, Colonel.— A Geological Map of England. 

Hutchinson, Captain. — A stufled Albatross. 

Kerr, Mr. — S pecimens of Copper Ore from Nellorc. 

Langstaff, Dr. J. — ^Specimens of Sandstone of Sikrigali with Vegetable impressions of 
Perns, Ac. 

Leslie, Dr. — D rawings of a Doc and its Skull. 

Lea, Professor. — Specimens of American Shells. 

Lewis, Mr. — A specimen of Rock from the summit of Mount Opliir, Malacca. 

Lloyd, Lieutenant R.— A series of Geological specimens of the Rocks ui thcTcnnasscrim 
Archipelago, 

Malcolmson, Dr. — F ragment of Bone, from a cave in the neighbourhood of Hyderabad. 

Mortson, Colonel W. — Specimen of the Garnet Sand from Cape Comorin and some Fossil 
Seeds. 

Noton, B. Esq. — Specimens of Zeolites from Bombay. 

Pearson, Dr. J. T. — A stuffed specimen of a species of Felis, native of the Midnapur 
Jungles. 

Ravensiiaw, E. C. — Specimens of Coal from the North Moradabad District. 

Richardson, D.— Specimens of the Coal from Gendab, on the Neenglee, or Kuenduen 
River. 
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Rose, R. Esq. — GcologicAl specimens from Midnaporo, Sumblialpore and Ualaaoro. 

Ross, D. Esq. — Specimens of Antliracite from tho Karakpiir Hills near Bhagulpur— Speci- 
mens of nitiiniiuous Coal from tlio banks of the Warda River near Chanda.-— 
Also Specimens of Clay and Quartzy Sand, from the experimental Boring in the 
Eort of (.'alcutta. 

Hoyle, Du. J. — Gcoloi^ical specimens from Rajpur Masuri, in the Dohra Doon — Specimens 
of Rocks from the new Benares Road. 

Ryan, Sir EmvAUi). — Scries of Volcanic specimens from Mount Vesuvius. 

Sa(je, Captain W, — Specimens of the Coal from the Coal Field of Palamoo. 

S( ()TT, Mu. — A seiies of Stalagmitic Balls from the Cossyah Hills— three boxes of Minerals 
from Assam and Syllict. 

Smith, Mr. — S pecimens of Lithographic Printing from Stones of Bundelkband, Agra 
and Rotas. 

Smith, I.iei tenant T. — Geological specimens of the late Dr. Voysey, 

SpiLsnuKY, Dr. (t. G. — Specimens of Fossil Bones from Jabalpur and in its neighbourhood. 
— Silicilied Shell Brescia, from Jabalpur. 

Stewart, Major Joskch. — S pecimens of Sandstone from Agra. 

Strono, Dr. F. P. — Specimens of the Clay obtained by boring near the Salt Water Lake, 
ami ill Fort AVilliam — Peat earth from Dum-Dum road. 

"J'kli AIR, C. — Fossil Bones from tlie Isle of France, and a specimen of the Silk produced 
from the Madagascar ^Vorm— a collection of Geological specimens and Minerals. 

Thomson, Lieutenant J. (Engineers.)— Geological specimens from Gyali and Rotas 
Garb. 

Walters, IT. Esq. — A box of Rock specimens and Minerals from the Casiya Hills— Geolo- 
gical specimens and Coal from Arracan and Ramree. 

Ward, Mr.— Specimens of the Calcareous Deposit found about tlie hot spring in Bencoolen, 

Watson, Colonel T. C, — A Model of Theodore Jones 6c Co.’s Suspension Wheels. 
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